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These valuable forms are producing practical 
solutions to important high-temperature problems 


¥ SYLVANIA 


TUNGSTEN 


MOLYBDENUM - 


Powder for slip casting, pellets for 
vacuum melting, and consumable 
electrodes for arc castings. These are 
the important ways in which Sylvania 
Tungsten and Molybdenum are being 
used in the development of new and 
better high-temperature metals. 


If any of these forms offer the right 
solution to your problem, Sylvania 
can supply the purity and composi- 
tion you need. 


Custom-made raw materials such 


CHEMICALS 


as these help metals producers meet 
the precise demands of new high- 
temperature alloys. They are helping 
the industry make “Metals of the 
Future” available today. 


You can keep pace with this con- 
tinuing progress in powder metal- 
lurgy by contacting Sylvania’s 
Chemical & Metallurgical Division. 
We will welcome the opportunity to 
discuss your high-temperature metal 
needs with you. 


Sytvania E.ectric Propucts Inc. 
Chemical & Metallurgical Div. 


Towanda, Penna. 


PHOSPHORS 


SEMICONDUCTORS 
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PERSONNEL 


® These items are listings of the Engineerin 
Societies Personnel Service, inc. This Service, whic 
cooperates with the notional societies of Civil, 
Electrical, Mechanical, Mining, Metallurgical, and 
Petroleum Engineers, is available to all engineers, 
members and non-members, and is operated on 
@ nonprofit basis. If you are interested in any of 
these listings, and ore not registered, you may 
apply by letter or resume and mail to the office 
neorest your place of residence, with the under- 
standing that should you secure a position as a 
result of these listings you will pay the regular 
employment fee of 5 of the first year’s salary 
if @ non-member, or 4% if a member. Also, that 
you will agree to sign our placement fee arrange- 
ment which will be mailed to you immediately, by 
our office, after receiving your application. in 
sending applications be sure to list the key and 
job number 

When moking application for a position in- 
clude eight cents in stamps for forwarding ap- 
plication to the employer and for returning when 
possible 

A weekly bulletin of engineering positions open 
is available at a subscription rate of $3.50 per 
quarter or $12 per annum for members, $4.50 per 
quarter or $14 per annum for non-members, pay- 
able in advance. Local offices of the Personnel 
Service are at 8 W. 40th St., New York 18; 57 
Post St., Son Francisco; 84 E. Ranaolph St., Chi- 
cago }. 


— MEN AVAILABLE — 


Physical Metallurgist, M.S., 17 
years responsible research exper- 
ience in the field of light and elec- 
tron microscopy, powder  metal- 
lurgy, corrosion; on steels, copper, 
tungsten, precious metals; desires 
position within commuting distance 
from Norwalk-Bridgeport area in 
Connecticut. M203. 


Chemical Engineer, 41, available 
immediately. Previous experience 


PREPRINTS 


Society of Mining 
Engineers of AIME 

Many 1959 Annual Meeting 
papers have been preprinted 
by the Society of Mining En- 
gineers, including those sched- 
uled for presentation at the 
two Minerals Beneficiation-Ex- 
tractive Metallurgy Division 
sessions 

Preprints are distributed 
only on a coupon basis. Coupon 
books can be purchased from 
the Society of Mining Engi- 
neers for $5.00 per book (10 
coupons) to AIME members 
or $10.00 to nonmembers. 
Each coupon, properly filled 
out, entitles the purchaser to 
one preprint. 


Fill out this coupon: 


Preprint Service 903 

Society of Mining Engineers 
29 West 39th Street 

New York 18, New York 


Please send me coupon books @ 


$5 ($10 nonmembers). 
also wish to receive SME 
Available Preprint List (check). 


Name 


Company 


Address 


in ferrous and nonferrous extrac- 
tive metallurgy, powder metallurgy, 
hydrometallurgy, and testing meth- 
ods. Prefer United States or Europe. 
Languages. M-204. 


Metallurgist, M.S. degree, age 34. 
Six years experience includes metal- 
lurgical testing. physical testing, 
X-ray diffraction and non-destruc- 
tive testing with X-ray, gamma ray, 
ultrasonics, magnetic, etc. Prefer 
New York City or nearby area. 
M-205. 


— POSITIONS OPEN — 

Assistant Mill Metallurgist, 
graduate with B.S. in metallurgy 
and basic knowledge of inorganic 
and organic chemistry. Three years 
experience required in operation of 
milling plants, using’ crushing, 
grinding and froth flotation, includ- 
ing some practice in testing meth- 
ods. Should know Spanish. Two 
year contract; transportation both 
ways and salary while traveling. 
Salary to be negotiated. Location, 
South America. F6797. 


Graduate Fellowship in mechan- 
ical and physical metallurgy. Full 
time academic and thesis work 
leading to M.S. or Ph.D. Salary 
$2850 year plus free tuition. Avail- 
able July or September 1959. 
Location, East. W6791. 


Engineers. a) Research Engineer, 
graduate Ch.E. or Metallurgical, to 
40, to conduct and supervise re- 
search program at the bench scale 
and pilot stage on multiple hearth 
roasting, leaching, chemical prepa- 
ration. Spanish desirable. Salary to 
$8500 year. b) Analytical Labora- 
tory Supervisor. Must know modern 
analytical techniques and devise 
new ones on ore beneficiation for 
pilot plant. Salary, $8500 year. 
Location, Caribbean Area. F6786. 


Metallurgical Engineer with eight 
to ten years experience in process 
development and evaluation relat- 
ing to ferrous ores and alloys. Work 
will involve beneficiation of Cuban 
ores. Salary open. Location, South. 
W6772. 


Technical Assistant, Nickel, B.S. 
degree in metallurgy or in chemical 
engineering; M.B.S. or M.S. pre- 
ferred; minimum of three or four 
years spent on specific high temper- 
ature alloy metals problems; an 
additional one to two years exposure 
to product design and marketing 
activities. Will assist the nickel 
sales activity in the resolution of 
technical problems, the analysis of 
customers and market product re- 
quirements, and the evaluation of 
significant changes in nickel-cobalt 
specifications and consumption. 
Salary open. Location, New York, 
N. Y. W6766. 


Technical Writer 
lurgical experience, to 
articles covering lead, aluminum, 
alloys, and powder’ metallurgy 
applications in nuclear and related 
fields for consultants. Salary, $7200- 
$8400 year. Location, eastern Penn- 
sylvania. W6757. 


Heat Treating Supervisor for 
nationally known manufacturer of 
precision instruments. Minimum of 
five years experience in comparable 
position with good working know- 
ledge of metallurgy. Must be 
thoroughly familiar with furnaces 
and allied heat treating equipment. 
Apply by letter giving detailed 
resume. Location New York 
Metropolitan Area. W6750. 


Metallurgist, B.S. in metallurgy, 
minimum requirement. Recent 
graduate or two to three years 
experience in extraction of metal 

(Continued on page 4) 


with metal- 
prepare 


EXCEPTIONAL 


OPPORTUNITY 


A new group is being formed within an established Research and Develop- 
ment division of a large metals concern, to carry on Research, Development, 
Design and Customer Service activities in the industrial use of Abrasives for 
Grinding and Polishing. While specific experience in this field would be 


desirable, it is not a requirement. 


The following positions are open: 


METALLURGISTS, 
PHYSICAL 


B.S. or M.S. Background in Powder Met- 
allurgy or in Cutting and Forming of 
Metals. 


MECHANICAL ENGINEER 
MACHINE DESIGN 


B.S. or M.S. Knowledge of Production Ma- 
chinery, Metal Grinding. 


PHYSICIST or RESEARCH 
METALLURGIST 


PH.D. or equivalent. Training and/or ex- 
perience in Surface Physics, Cutting, Wear, 
Comminution, Solid State Theory. 


CHEMICAL ENGINEER 


BS. of MS. Pilot Plant experience 


Age to 40. Salary dependent on qualifications. Liberal 


employee benefits. 


Location, 


Northern New Jersey. 


Write stating full particulars to Box 1-JM-AIME. 


29 West 39th St., New York, 18 


2—JOURNAL OF METALS, JANUARY 1959 


4 
af 
a 
4 
4 
4 
| 
4 


Refined copper can be melted and cast in a con- 
tinuous cycle with Lectromelt furnaces—they're 
especially suited to automatic operation. Certain 
casting cycle stages are eliminated and time re- 
quired for others is reduced. High quality is main- 
tained at reasonable cost. 

Data obtained on Lectromelt furnaces operating 
in United States, Canada, South America, Sweden 
and South Africa disclose these facts: Continuous 
flow of copper contains an average of only .01% 
oxygen because of excellent control of furnace 
atmosphere. Sulphur and iron contamination is 


McGRAWE 
EDISON 


prove economical in 
continuous cyc/le operation 


prevented by (1) thoroughly cleaning cathodes 
prior to melting, (2) heating by direct-arc, 
(3) using high-grade refractories. 

Cost of furnace operation is low. Power con- 
sumption varies between 200 kwh and 300 kwh 
per ton. Electrode consumption averages 3 to 4 
pounds per ton. Maintenance is minimized to 
about one hour per week. 

For engineering assistance on similar melting 
or refining problems, write Lectromelt Furnace 
Division, McGraw-Edison Company, 326 32nd 
Street, Pittsburgh 30, Pennsylvania. 


Lectromelt 


CANADA: Canefco Limited, Toronto... ARGENTINA: Master Argentina, Buenos Aires...ITALY: Forni Stein, Genova... ENGLAND: Electric 
Furnace Co., Ltd., Weybridge... GERMANY: Demag-Elektrometaliurgie, GmbH, Duisburg...SPAIN: General Electrica Espanola, Bilbao.. 
FRANCE: Stein et Roubaix, Paris... BELGIUM: S.A. Stein & Roubaix, Bressoux-Liege... JAPAN: Daido Steel Company, Ltd., Nagoya 
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Continued from page 2 


from ores in submerged arc furn- 
aces Excellent opportunity to 
learn ferro alloy business with 
chance to advance into production 
supervision. Salary, $6000-8500 year. 
Location, Tennessee. W6749 
Senior Metallurgical Engineer, 
metallurgical or chemical engineer- 
ing graduate, with at least five 
years ferrous or nonferrous ex- 
perience in high temperature alloy- 
ing fields for process application 
Must have broad knowledge of 
melting practices. Salary open. 
Location New York, N. Y., W6745. 
Metallurgists with experience in 
production, quality control and 
associated problems, particularly 
with regard to inert gas and sub- 
merged arc welding, metal cladding, 
stress relieving, and other shop 
metallurgical problems. Salaries 
open; company pays all relocation 
expenses. Location South. W6739. 
Assistant Metallurgist, young, 
graduate, for inspection, analysis, 
and trouble shooting covering 
ferrous and nonferrous foundry 
items, steel products, and welding. 
Salary, $5700-7200 year. Location, 
northern New York. W6721. 
Physical Metallurgist for fully 
integrated, modern aluminum plant, 
with three to five years experience in 
aluminum (or nonferrous metal) 
especially in casting and rolling 


desirable; if recent graduate, Mas- 
ter’s degree minimum requirement. 
Apply by letter giving complete 
information. Location, Mid-South. 
W6588 

Jr. Metallurgist, B.S. or MS: 1 
year or more experience since 
graduation with definite interest 
in research and testing. Knowledge 
of Pyro and/or electrometallurgy, 
for research departmenting of 
mining company. Prefer single man. 
Some traveling. Opportunity for 
advancement. Salary, $6000 year. 
Location, Western States. S3959. 

Administrative Assistant to Chief 
Engineer-Mining, preferably grad- 
uate mining or metallurgical en- 
gineer, to 50, with at least 10 years 
supervisory experience in design, 
estimating, or operation phases of 
metal mine plants, mills, concen- 
trators, smelters, or refineries. Will 
be responsible for engineering 
department personnel, cost control, 
and special assignments or studies. 
Salary, $12,000-14,000 year Loca- 
tion, Western US. S3967-R 

Plant Superintendent for foundry. 
Must have had experience in cast 
iron pipe by metal molds processes. 
Salary open. Company will nego- 
tiate placement fee. Location, New 
Jersey. W6816. 


Writing Booklet 


Technical Writing by Engineers 
by Michael K. Bonner gives a com- 


prehensive review of the activity of 
engineers in writing articles and 
papers. Charts, graphs, plus com- 
ments from leading men in the field, 
back his suggestions for ways of 
obtaining articles from the working 
engineers. 

Also included in this eight page 
study, available from Harry W. 
Smith Inc., 41 East 42nd Street, 
New York 17, New York is an eight 
step program for management aimed 
at building and maintaining an 
active communication program 
within each plant. 


ENGINEERING ADMINISTRATOR 


Nationally known organization 
in diversified products and services 
requires a well-rounded engineer, 
metallurgist, or chemist, with broad 
business experience to organize and 
direct research, new product de- 
velopment, marketing, and diversi- 
fication program in metals 

Requires administrative back- 
ground and strong leadership. Must 
have sound, practical judgment and 
be flexible enough to assist in varied 
business activities 

This is an excellent opportunity 
to fill a key position in a growing 
concern located Mid-west. Reply in 
strict confidence giving personal 
history and complete experience 
record 

Box 2-JM AIME 
29 West 39 St., New York 18 


RESEARCH 
SCIENTISTS 


state physics desirable. 


Attention: Mr. J. J. Rostosky 


and 
for 


HIGH TEMPERATURE TECHNOLOGY 


Rapidly expanding commercial and military programs in 
ARC, FLAME, and DETONATION PROCESSES and DEVICES 


for use in forming metal and ceramic coatings and shapes, aerodynamic and materials testing, refractory crystal growth and character- 
ization, and plasma physics-magnetohydrodynamics research have created a number of outstanding opportunities for 


METALLURGISTS 
ENGINEERING PHYSICISTS 
PLASMA PHYSICISTS 
PHYSICAL CHEMISTS 


Examples of specific openings include: 
ELECTRICAL ENGINEER . . . experimental, theoretical, and design work on power supplies and circuit for large (mega- 
watt d.c. and a.c. plasma generators. Knowledge of power, instrumentation, industrial and physical electronics, and an 


interest in gaseous discharge and arcs are desirable. 
ENGINEERING PHYSICIST . . . experimental work on arc and flame processes for producing single crystals of such 
materials as yttrium iron garnet, refractory metal compounds. Knowledge of crystallography and background in solid 


PHYSICAL METALLURGIST .. . development work on arc, flame, and detonation processes for depositing coatings or 
forming shapes of refractory metals and ceramics. Background in gas dynamics and metallography desirable. 
All positions offer attractive salaries, excellent benefits and stable employment for capable professional men who desire to work in 
these challenging areas at a modern laboratory of a leading industrial firm. If interested, please send resume covering education (ap- 
proximate academic achievement), experience and work interests. 


LINDE COMPANY 


division of 


UNION CARBIDE CORPORATION 


1500 Polco Street, Indianapolis 24, Indiana 


ENGINEERS 
Mechanical 
Electrical 
Aeronautical 


DEVELOPMENT 
ENGINEERS 


Refer to ad: JM-A 
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“Pure electrolytic manganese makes my melting simpler” 


When melting quality steels or non-ferrous alloys, your melting 
practice is greatly simplified by using ELECTROMET electrolytic 
manganese—99.95 per cent pure. You can easily control carbon, 
phosphorus, and silicon because electrolytic manganese 

contains less than 100 parts per million of these elements. This is 
particularly helpful when producing: 

e Chromium-nickel stainless steels, especially the chromium- 
nickel-manganese and extra-low carbon grades. e Low-carbon 
deep-drawing sheet steels. e High-temperature, non-ferrous, and 
electrical resistance alloys. 

For adding nitrogen and manganese together, 4% and 6 per cent 
nitrogen-bearing grades are available. These grades are 

especially useful when producing free-machining and low-carbon 
sheet steels. For details, contact your ELECTROMET representative. 
ELECTRO METALLURGICAL COMPANY, Division of Union 
Carbide Corporation, 30 East 42nd Street, New York 17, N. Y. 


and “Union Carbide” are registe 


The terms “Electromet 


The thick plate of ELECTROMET electro- E P 
lytic manganese penetrates the slag and 
goes into solution rapidly. ‘ 


Electromet 


FERRO-ALLOYS AND METALS 


¥ 
rks of Union Carbide Corporat: on 


HOME STUDY 
COURSES FOR 
METALLURGISTS 


METALS FOR NUCLEAR POWER | 
HEAT TREATMENT OF STEEL 
HIGH TEMPERATURE METALS 
ELEMENTS OF METALLURGY 


the Metals Industry 


Oxy-Acetylene Welding 


Titanium 
Copper, Brass and Bronze 
Iron Blast Furnace Operations 


Tool Steels 


TRAINING DIRECTORS 


Metals Engineering 


present job.... 


Many authoritative and comprehensive home study courses for 
metallurgists, technical managers and technicians seeking ad- 
ditional knowledge in specific areas are now available from the 
Institute, ao new and 
division of the American Society for Metals. You study at home, 
at your own convenience. You benefit from ASM’s forty years of 
outstanding and successful educational experience. 17 courses 
are now in use by nearly 1500 students. Special “tailor-made” 
courses are also available to meet the specific demands of your 
or the job you want tomorrow! 


rapidly-expanding 


MAIL COUPON FOR 


FREE 


CATALOG 


Metals for Nuclear Power 

Heat Treatment of Steel 

High Temperature Metals 
Elements of Metallurgy 
Electroplating and Metal Finishing 


CATALOG DESCRIBES 17 COURSES, 


their authors, lesson titles and descriptions. 


Primary and Secondary Recovery of Lead and Zinc 


Survey of Steel Plant Processes 
Arc Welding 


Magnesium 


Stainless Steels 


Gray Iron Foundry Practice 
Steel Foundry Practice 


MEI courses are ideally suited to in-plant training sessions and are already being used 
in major plants across the country. Return the coupon for detailed information. 


Metals Engineering Institute 


American Society for Metals 

7301 Euclid Ave., Dept. JM-19 
Cleveland 3, Ohio 

Please send me your 32-page catalog 


[) Check here if you want in-plant information only. 


SEMICONDUCTOR 
ENGINEERS 
AND 
SCIENTISTS 


An expanding program, the 
result of increasing produc- 
tion and sales of the 4-layer 
bistable diode, is creating 
openings in basic research, 
advanced device develop- 
ment and application engi- 
neering. 
Opportunities exist also in 
the techniques of device 
packaging, as well as crys- 
tal growing and diffusion 
in silicon. 
Openings are currently avail- 
able and others will develop. 
Your resume, which will be 
held in strict confidence, 
may be sent to the Director, 
Professional Employment. 
(Ref: El-5) 
SHOCKLEY TRANSISTOR 
CORPORATION 
A Subsidiary of Beckman 
Instruments, Inc. 


Stanford Industrial Park 
Palo Alto, California 


“TRAINING COURSES FOR THE METALS INDUSTRY” 


NAME 
STREET 


CITY ZONE 


COMPANY: 


STATE: 
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PHYSICAL METALLURGISTS 


Here is your opportunity to grow with o 
young, panding subsidiary of the Ford 
Motor Company. Outstanding career oppor- 
tunity is open in Aecronutronic’s new RE- 
SEARCH CENTER, overlooking the Pacific 
at Newport Beach, California. You will 
have all the advantages of a stimulating 
mental environment, working with advanced 
equipment in a new facility, located where 
you can enjoy California living at its 
finest. 


PHYSICAL METALLURGISTS, for research 
and development in high temperature ma- 
terials. Advanced degree and minimum of 
3 years experience, including X-ray dif- 
fraction, metallographic inspection and ex- 
perimentation with ultra-high temperature 
physical properties. Familiarity with pow- 
der metallurgical techniques preferred. 


Qualified applicants are invited to send 
resumes and inquiries to Mr. L. R. Stapel. 


AERONUTRONIC SYSTEMS, INC. 


@ subsidiary of Ford Motor Company 
1234 Air Way, Bidg. 18, Glendale, Californio 
CHapmon 5-665! 
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ABSOLUTELY NO COST OR OBLIGATION 


*®ORDER BOOKS SO MARKED 
THROUGH AIME— 

Address Irene K. Sharp, Book 
Dept. Ten percent discount 
given whenever possible. 


Metallurgical Equilibrium Diagrams, 
by W. Hume-Rothery, J. W. Chris- 
tian, and W. B. Pearson, Oxford 
School of Metallurgists, illustrated, 
311 pp., $10.00. 


Creep of Metals, by L. A. Rotherham, 
M.Sc., F. Inst. P., illustrated, 80 pp., 
$3.45. 


Constitution of Binary Alloys, 2nd. 
edition, Metallurgy and Metallurgi- 
cal Engineering Series, by Max 
Hansen, McGraw-Hill Book Co. Inc., 
1305 pp., $32.50, 1958.—This revision 
and translation of the classic Ger- 
man work provides a source of re- 
liable data concerning the constitu- 
tion of binary alloy systems (phase 
diagrams) and the crystal structure 
of metallic phases. Here, widely 
scattered information in the world’s 
metallurgical, physical, chemical, 
and crystallograp™ical literature is 
analyzed and crit.cally evaluated. 
This new edition has been prepared 
under the sponsorship of the United 
States Air Force through the Wright 
Air Development Center. e 


The Effects of Radiation on Materials, 
Edited by J. J. Harwood and others, 
Reinhold Publishing Corp.. 430 Park 
Ave., New York 22, N. Y., 355 pp., 
$10.50, 1958.—Thee nd concepts 
of radiation effects, radiation sources, 
and measurements of radiation are 
presented, as are the known effects 
of radiation on the physical, metal- 
lurgical, mechanical, corrosion, and 
electrical properties of materials. 
Among the materials dealt with are: 
metals, alloys, inorganic dielectrics, 
semiconductors, organic and poly- 
meric materials, and materials for 
nuclear reactor components. Com- 
prises papers delivered at Johns 
Hopkins University in 1957. e 


Metal Statistics, edited by Norbert J. 
Langer, American Metal Market, 18 
Cliff St.. New York 38, N. Y., over 
400 pp., $3.50, 1958 —Now in its 5lst 
edition, this standard reference 
covers all of the important metals 
from aluminum and beryllium, to 
vanadium and zinc. Approximately 
one-third of the data deals with 
iron and steel. The volume also con- 
tains an index, and a valuable guide 
for buyers and sellers. 


Reinhold Publishing Corp., 430 Park 
Ave., New York 22, N. Y., was re- 
cently appointed as sole distributor 


of the Physics in Industry e and 
Monographs for Students e book 
series of the Institute of Physics 
(London). There are seven Physics 
in Industry volumes now in print, 
and three Monographs for Students. 
They are as follows: 


Physics in Industry Series 
Pressure Measurement in Vacuum 
Systems, by John H. Leck, university 
lecturer in electronics, Dept. of Elec- 
trical Engineering, the University of 
Liverpool, illustrated, 144 pp., $5.50. 


X-ray Diffraction by Polycrystalline, 
Materials, edited by H. S. Peiser, 
Hadfields Ltd., H. P. Rooksby, The 
General Electric Co. Ltd., and A.J.C. 


Wilson, University College of South 
Wales, 260 illustrations, 725 pp., 
$14.50. 


Physics of Fibres, by H. J. Woods, 
senior lecturer on textile physics, 
University of Leeds, illustrated, 100 
pp., $4.95. 


Industrial Magnetic Testing, by N. F. 
Astbury, professor of physics, Uni- 
versity College, Khartoum, 132 pp., 
$4.85. 


The Measurement of Stress and 
Strain in Solids, based on proceed- 
ings of an Institute of Physics Con- 
ference, illustrated, 128 pp., $3.65. 
(Continued on page 12) 


RIMMING 


More Prime Product 


DRAWING QUALITY RIMMING COMPOUND—An 
additive to rimming steel proved by high quality 
producers of drawing quality steel for the highly 
critical automotive and allied industries. Gives greater 
action in the mold than the usual Calcium Flouride or 
the Sodium Flouride addition agents due to increasing 
the oxygen content by D.Q.R. reacting with the carbon 
in the steel, decreasing the carbon content in the top 
of the ingot, resulting in greater yield of prime prod- 
uct. This is particularly helpful with increased mold 
height. The addition is started when the ingot is at 
1/3 height, and added uniformly at the rate of 
approximately 1/4 to 1/3 pounds per ton. The 
addition practice must necessarily vary somewhat to 
meet particular melt shop conditions. 


PACKAGE 


4 oz. polyethylene moisture proof 


DELIVERY 


Immediately from stock 


bags packed in 350/400# steel drums 


IRA LATIMER COMPANY 


RYAN WARREN (DETROIT), MICH. « JEFFERSON 9-7646 


ASSOCIATES 


Oswald Refractories Co 
1617 So. Brentwood Bivd 
St. Lours 17, Missours 
Woodland 2-4600 


Spence Metallurgical Services 
5001 Cliffwood Road 
Loursville 7, Ky 
Twinbrook 3-5400 


Ritetherm, Inc 
Negley, Ohio 
Garden City 6-3633 


Ed. J. Nelson 
7807 South Saginaw Ave 
Chicago 49, Iilinors 
Essex 5-5988 


Ed. S. Rankin 
5812 Mariborough Ave 
Pittsburgh 17, Pa 
Hazel 1-2355 
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News of 


® North Carolina State College has 
been given permission from the US 
Atomic Energy Commission to build 
a new reactor which will be used as 
a neutron source for reactor physics 
experiments, and for fundamental 
data on physics 

Housed in the Burlington Nuclear 
Laboratory, which is located on the 
campus of the College, the new re- 
actor will be a graphite reflected, 
heterogeneous, water-moderated re- 
actor designed to operate at a ther- 
mal power of 10 kw. The reactor is 
to be constructed by the Nucledyne 
Co. a division of Cook Electric Co., 
and is scheduled to be completed 
sometime between Oct. 1, 1959 and 
April 1, 1960 


® The National Science Foundation 
has awarded 377 grants totaling 
$12,796,007 for the support of basic 
research in the sciences, for confer- 
ences in support of science, for ex- 
change of scientific information, and 
for the training of science teachers 

Recommendations for the awards 
were made by Dr. Alan T. Water- 
man, NSF director. The grants were 
in such varied fields as astronomy, 
biology, physics, earth sciences, engi- 
neering sciences, mathematical sci- 
ences, and the social sciences. 


@ PUSH BUTTON CONTROLLED 
@ POWER OPERATED 


@ SELF CONTAINED HYDRAULIC 
SYSTEM 


@ CONTROLLED MOLDING 
PRESSURE 


@ USE PREMOLDS OR POWDER 
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THE NEW CB 

POWERMET 
PRESS 


FOR THE MOST RAPID MOUNTING OF 
METALLURGICAL SAMPLES 


@ BAKELITE OR TRANSOPTIC MOUNTS 
@ PRODUCES 1”, 1%", or 1%" 


@ BAYONET TYPE MOLDS 
@ THERMOSTATICALLY 


@ QUALITY COMPONENTS USED 
@ CONFORMS TO J.1.C. STANDARDS 


95 Buckler Lid. 


METALLURGICAL APPARATUS 


2120 GREENWOOD ST, EVANSTON, USA 


® The College of Mines of the Uni- 
versity of Arizona has completed the 
new Geology Building, a wing of 
their Mines Building. The new facil- 
ity will house the departments of 
geology, chemical engineering, and 
mining and metallurgical engineer- 
ing, and have space for laboratories, 
classrooms, and faculty offces to ac- 
commodate undergraduate and grad- 
uate instruction. In addition, the 
Arizona Bureau of Mines office and 
laboratories, the regional office of 
the US Bureau of Mines, and the 
US Geological Survey Office, are 
furnished space in this modern new 
building. 


® The University of Washington has 
taken over the operation of the 
former General Electric School of 
Nuclear Engineering at Richland, 
Wash. The school will now be called 
the University of Washington Center 
for Graduate Study at Hanford. Dr. 
Kermit B. Bengtson has been named 
director of the school which includes 
as co-participants the University of 
Idaho, Oregon State College, and 
Washington State College. 

The school, which was started in 
1948, had provided an opportunity 
for graduate training in the area of 
nuclear science and engineering to 
employees of the General Electric 
Co. and to others in the Richland 
area 


& Dr. J. W. Giachino, head of the in- 
dustrial technology department of 
Western Michigan University has 
announced that the school is adding 
a two-year certificate program in 
foundry technology. 

Gifts given through the foundry 
industry advisory committee have 
made the certificate program possible 
to a large extent, said Dr. Giachino. 
T. T. Lloyd, vice president, Al- 
bion Malleable Iron Co., Albion, 
Mich. is chairman of the foundry in- 
dustry advisory committee. 


& A new Summer Fellowship pro- 
gram for secondary school teachers 
has been announced by the National 
Science Foundation. Approximately 
750 awards will be available for sec- 
ondary teachers to undertake further 
study in the fields of science and 
mathematics. 

An applicant for a fellowship must 
be a citizen of the United States, a 
science or mathematics teacher in 
secondary school, and have had at 
least three year’s experience in that 
capacity. The applicant must have, in 
addition, a baccalaureate degree or 
its equivalent. 

Applications should be made to 
the Teacher Program, American As- 
sociation for the Advancement of 
Science, 1515 Massachusetts Avenue, 
N. W., Washington 5, D. C. All ap- 
plications must be received by the 
Association by Jan. 19, 1959. 


MOUNTS 


CONTROLLED HEATERS 


be 
: 


® The Department of Metalllurgy of 
Rensslaer Polytechnic Institute has 
installed three vacuum-melting fur- 
naces, together with extensive con- 
trol facilities to make the institute 
one of the Nation’s best equipped 
laboratories for study and research 
in the melting and fabrication of 
uranium, zirconium, and other metals 
of interest to nuclear technology. 

The new equipment, purchased 
largely through a grant from the 
US Atomic Energy Commission and 
the Rochester div. of the Con- 
solidated Electrodynamics Corp., is 
under the supervision of Wylie J. 
Childs. 

One of the three furnaces is an 
induction furnace capable of melting 
50-lb heats of uranium, steel, or 
other metals in a high vacuum. A 
large control panel in the center 
feeds the high-frequency power 
supply some 20 kw at 10,000 cps. The 
third unit in the group, the vacuum 
control panel, uses pneumatic force 
to open or close the valves and to 
regulate the vacuum. 

The second furnace, constructed by 
the Heraeus Co., Hanau, Germany, 
and purchased from the Consoli- 
dated Electrodynamics Corp. is a 
consumable-electrode, vacuum arc 
furnace. The Heraeus furnace, is 
able to melt ingots up to 6 in. in 
diam. General Electric selenium rec- 
tifiers are provided to give the pro- 
per supply of current. Presently, Dr. 
A. A. Burr and his associates are 
using the Heraeus furnace for a 
study of zirconium in association 
with rare earths, under the sponsor- 
ship of the AEC. 


Metals Society 
Honors Four At 
Recent Banquet 


Three members of the AIME were 
among the recipients of awards for 
service and achievements in the sci- 
ence of metals given by the Ameri- 
can Society for Metals. Dr. Albert J. 
Phillips, vice president and director 
of research, Americal Smelting Co., 
received the gold medal of the So- 
ciety. 

The medal for the advancement of 
research went to Crawford H. 
Greenewalt, president, E. I. DuPont 
de Nemours & Company. William G. 
Pfann, physical metallurgist, Bell 
Telephone Lab., Inc., was the recip- 
ient of the Albert Sauver Achieve- 
ment Award. 

Selected by the committee for 
honorary membership, was Ernest E. 
Thum editor-in-chief of the So- 
ciety’s journal, Metal Progress. 

The awards winners were feted 
and honored at the Society’s annual 
banquet which took place in Cleve- 
land on October 30th. 


Etching Manual 


Atzheft, by Angelica Schrader, 
Fourth Edition, Gebruder Borntrae- 
ger, Berlin, Germany, 50 pp., $1.85, 
1957—-A manual on etching processes 
and solutions used in preparing me- 
tallic surfaces for metallographic in- 
spection. The information is pre- 
sented mainly in tabular form for 
efficient use. Included are brief spe- 
cial treatments of the differentiation 
of intermediate crystal types of 
aluminum alloys, electrolytic polish- 
ing, grain size of abrasives, etc. 


Free Copper-Base 
Castings Information 


The Bronze & Brass Ingot Insti- 
tute (BBII) is offering advice and 
information to engineers, architects, 
and others seeking information con- 
cerning copper-base castings. 

Under a newly established Tech- 
nical Service Program, the BBII and 
its member firms are offering tech- 
nical help to both manufacturers and 
users of copper-base castings. 

Inquiries should be made to the 
Brass & Bronze Ingot Institute, 308 
West Washington Street, Chicago 6, 
Til. 


The new RSCo Model 2470 


ZONE MELTING 
APPARATUS 


Completely automatic equipment 
for purification of solid materials by the 
zone melting technique 


The Model 2470 apparatus holds a glass or quartz tube 
inside of which is placed the charge of material to be 


purified. 


A moving table holds either induction heating 


coils or electric resistance heating rings which surround 
the tube. A synchronous motor and variable speed reducer 
drive the table at a constant rate variable from 0.36 to 9 
inches per hour. Adjustable stops limit the table travel 
and actuate a rapid return mechanism. Multiple-pass zone 
melting is thus completely automatic. 


TELETYPE TWH: RICH CAL 1433 


RSCo) RESEARCH SPECIALTIES Co. 


200 SOUTH GARRARD BLVD 


RICHMOND, CALIFORNIA 
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Are You Keeping Up With 
Research In Your Field? 


You are NOT if you are not a 
subscriber to 


TRANSACTIONS OF THE METALLURGICAL 
SOCIETY OF AIME 


A few back copies have been set aside so that you may have a complete 
set. Order yours today 


$5.00 to AIME Members 
$20.00 to non-members 


AIME — Order Dept. 
29 W. 39th St 
New York 18, N. Y. 
Please start my subscription to TRANSACTIONS OF THE 
METALLURGICAL SOCIE OF AIME. 
Bill me later [J 
Enclosed find my check for $5.00 [) 
$20.00 [) 
NAME (please print) 


ADDRESS 


OFTHE METALLURGICAL 


‘SOCIETY OF AIME | 
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The Second Year 


S The Metallurgical Society approaches its sec- 
ond anniversary, I should like to take this op- 
portunity to discuss with you our progress during 
the past year and some of the problems we face in 
the future. 

During our first year, President John C. Kinnear, 
Jr. and the Board of Directors faced the problems of 
a balanced activities budget, a publications policy 
aimed at fulfilling the needs of the Society on a 
sound financial basis, and an expansion of the tech- 
nical committees designed to serve the needs of 
each individual member. With the effective coordi- 
nation of the Society Secretary, Bob Shearman, and 
the hard work of J. S. Smart, Jr., A. W. Thornton, 
T. D. Jones, W. J. Harris, Jr., John Chipman, John 
Sullivan, and others, as well as a large financial 
assist from the Metals Research Publications Fund, 
these objectives were achieved. 

At the start of our second year, the implementa- 
tion of the new publications policy started with the 
publication of our new TRANSACTIONS on a bimonthly 
basis with an additional charge. Gerhard Derge was 
appointed as the new editor, and the printing of the 
TRANSACTIONS was changed from letterpress to offset. 
These changes may have been disturbing to some, 
but most members have shown a warm understand- 
ing of the efforts to publish all deserving technical 
papers in a useful format within our budget limita- 
tions. 

The JOURNAL OF METALS in its 10th anniversary 
is aimed at developing into a publication for all the 
membership with a diversity of timely articles and 
news items. It is financed from dues, advertising, 
and outside subscriptions. A new approach to ob- 
taining advertising is being organized to meet the 
expanding needs of this JOURNAL. 

The activities of the Society were more extensive 
and diverse this year than ever before in the history 
of our divisions. The Secretary’s office has been liter- 
ally swamped with arrangements for special con- 


ferences and publications, in addition to our regular 


meetings, programs, and publications. The first in- 
dependent all-Society meeting was held last fall in 
Cleveland, when all three divisions joined together 
for technical sessions during the Metal Congress. A 


THE METALLURGICAL SOCIETY OF AIME 


W. R. Hibbard, Jr President 
J. C. Kinnear, Jr Past-President 
John Chipman Vice President 
T. D. Jones Treasurer 


R. W. Shearman Secretary 


BOARD OF DIRECTORS, THE 
METALLURGICAL SOCIETY 


J. B. Austin Cc. C. Lon J.C. Fulton 
H. B. Emerick K. C. McCutcheon T. B. King 
K. L. Fetters R. R. McNaughton R. Maddin 
F. M. Hamilton H. W. St. Clair 

W. J. Harris, Jr J. S. Smart, Jr 

H. H. Kellogg Cyril S. Smith 


DIVISION PUBLICATIONS 
COMMITTEE CHAIRMEN 


EDITORIAL 


new local section associated with the Society was 
formed in the Hudson-Mohawk area. The expansion 
of the technical committee framework described 
elsewhere in this issue, required additional staff as- 
sistance in Bob Shearman’s office. 

This second year, it is anticipated that our budget 
will be balanced as a result of a fine response of sub- 
scriptions to TRANSACTIONS, non-member subscrip- 
tions to JOURNAL OF METALS, and the assistance from 
the Metals Research Publications Fund, smaller in 
amount than in the previous year. This is real 
progress. 

It has become evident, however, that to finance 
our expanded publications, programs, and activities, 
it will be necessary to increase the advertising in the 
JOURNAL, to increase the number of subscriptions to 
TRANSACTIONS and, most essential, to increase the 
Society’s membership. 

Changes in publications and technical committee 
structure should appeal to a much broader range of 
the metallurgical profession. Our new Assistant Sec- 
retary, Doug Johnston, is working with our Member- 
ship Chairman, D. C. Hilty, in planning an extensive 
organized drive for new members. We hope to ex- 
pand eventually from our present number of about 
6800 to the estimated potential of over 10,000 metal- 
lurgists actively engaged in our profession. This ac- 
tivity is one of the most critical problems facing our 
Society. 

I should like to thank, publicly, all the people who 
have contributed to our successful operation during 
this second year through untiring hard work on 
committees and participation in our activities. Will 
those who have suggestions for improvements, please 
let me know about them, and bear with us while our 
Society progresses through these shakedown years. 
Help us to obtain new members from among your 
qualified associates. Continue to support our publi- 
cations and activities next year under the leader- 
ship of John Chipman in the same wonderful way 
you have supported me this year. This is the way to 
continued success. 

Walter R. Hibbard, Jr. 
President, 
The Metallurgical Society of AIME 


SOCIETY PUBLICATIONS COMMITTEE 
A. W. Thornton, 


Dennis Carney B. King 

John Chipman A. E. Lee 

J. C. Fulton R. Maddin 

J. H. Hollomon J Sullivan 
D. Swan 


Advisory Subcommittee 
J. H. Holloman, Chairman 


D. Carney E. Morgan 
Iron and Steel J. F. Elliott T. O. Paine 
Extractive Metallurgy B. W. Gonser A. Shaler 
Institute of Metals J. D. Hanawait V. Zackay 
J. H. Jackson J. R. Freeman, Jr 
A. E. Lee, Jr J). Harwood 
T. Read 
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He’s making 


NEW SPACE-AGE METALS 


in this high-vacuum furnace 


He’s purifying conventional metals and alloys under 

very low pressure—pumping away the impurities 

that are liberated—and producing melts so pure 

that they are essentially new metals. New metals of 

higher resistance to heat and fatigue. New metals that only 
vacuum metallurgy can produce. 


This VA-L-200H Herw#us Vacuum Arc Furnace is a labora- 
tory or small-scale production model with a crucible volume 
of 250 cu. in. It’s the smallest in a complete line that will give 
you the same highest-purity melts in capacities up to 6600 
Ibs.—even higher with special-order units. There’s a unit just 
right to help you keep pace with space-age metallurgy. We'd 
like to talk to you about it. 


Write for application data and specifications. Just ask for 
Arc Furnace Bulletins. 


Co.isolidated Electrodynamics 


Rochester Division, Rochester 3, N.Y. 


SALES AND SERVICE OFFICES IN PRINCIPAL CITIES 
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Books 
(Continued from page 7) 


Errors of Observation and Their 
Treatment, revised edition, by J. 
Topping, principal, Action Technical 
College, London, paperbound, 121 
pp., $1.50. 


Theory of Lenses, by E. W. H. 
Selwyn, Research Laboratories, Ko- 
dak Ltd., paperbound, 64 pp., $1.20. 


Soft Magnetic Materials Used in In- 
dustry, by A. E. DeBarr, senior 
scientist, Elliott Brothers  Ltd., 
paperbound, 64 pp., $1.20. 


Bibliographic Survey of Corrosion, 
1954-1955, by the National Assn. of 
Corrosion Engineers, 1061 M&N 
Bldg., Houston 2, Texas, 468 pp., 
$20.00, 1958.—A thorough review of 
corrosion literature for the period 
covered. Substantial abstracts of 
papers cited are arranged in eight 
major divisions: general, testing, 
characteristic corrosion phenomena, 
corrosive environments, preventive 
measures, materials of construction, 
equipment, and industries. Author 
and subject indexes are included. 


Thermal Properties of Thirteen 
Metals, by C. F. Lucks and H. W. 
Deem, special technical publication 
no. 227, American Soc. for Testing 
Materials, 1916 Race St., Philadel- 
phia 3, Pa., 29 pp., $1.25, 1958.— Pre- 
sents the results of a study conducted 
by the Battelle Memorial Institute 
to determine the following proper- 
ties: thermal conductivity, thermal 
expansion, specific heat, density, and 
thermal diffusion. Aluminum, chro- 
mium, copper, Inconel, magnesium, 
molybdenum, and several steels are 
among the metals covered. 


Story of The Second World Metal- 
lurgical Congress, edited by Kings- 
ley W. Given, American Soc. for 
Metals, 7301 Euclid Ave., Cleveland 
3, Ohio, 225 pp., $5.00, 1958.—A brief 
account is given of the study tours 
and group discussions held in con- 
nection with this congress, held in 
October-November 1957. It includes 
a list of overseas conferees by coun- 
tries and of American conferees ar- 
ranged by interest groups. 


Engineering 
Societies 
Personnel 
Service Inc. 


(Agency 
Under the auspices of the Four Founder 
Engineering Societies and affiliated with 
other renowned Engineering Societies, ESPS 
offers many years of placement experience 
in addition to world-wide contacts 


New York Chicago 
8 W. 40th St 84 E. Randolph St 
San Francisco 


57 Post St 


+ ‘Bile 
| O Bere 
| 
| 
= 
= 
' 
| 


Scientific Papers, Vol. I: Mechanics 
of Solids, by G. I. Taylor, edited by 
G. K. Batchelor, Cambridge Univer- 
sity Press, 32 E. 57th St., New York 
22, N. Y., 593 pp., $14.50, 1958.—This 
first volume contains all of Taylor's 
studies on the mechanics of solids. 
It includes papers on elasticity, plas- 
ticity, the properties of metals, and 
the famous work on dislocation the- 
ory. A number of papers (written 
for government depts. or advisory 
committees are here made generally 
available for the first time. Subse- 
quent volumes (there will probably 
be four in all) will contain papers 
on meteorology, oceanography and 
turbulent motion of fluids; high 


speed flow and mechanics of explo- 
sions; and miscellaneous topics in 
fluid dynamics. ‘ 
U. S. Department of Commerce 
Publications 
Request publications from: 
Office of Technical Publications 
U. S. Dept. of Commerce 
Washington 25, D. C. 


PB 121953 Investigation of the Creep- 
Rupture Properties of Mo-V Low- 
Alloy Steels, by P. Shahinian and 
J. R. Lane, Naval Research Labora- 
tory, 75¢, 23 pp., 1957. 


PHYSICAL 
METALLURGISTS 


Expanding programs at the Armour 
Research Foundation require the 
services of two physical metallur- 
gists. Prefer personnel with Ph.D 
or M.S. degrees, but will consider 
B.S. degree personnel with proven 
record of accomplishment. Chal- 
lenging problems will enable you to 
contribute to the full extent of 
your ability. Imaginative thinking 
is highly valued 


Opportunities exist for writing and 
presenting papers to enhance your 
professional reputation. Advanced 
study and/or teaching opportuni 
ties are available Exceptional 
benefits supplement interesting 
compensation 


Technical areas of current interest 
include Phase Diagrams, Trans 
formation Kinetics, Solidification 
Studies, Solid Solution Strengthen- 
ing, Mechanisms of Fracture, Stress 
Corrosion, Fiber Metallurgy, Dis- 
persed Phase Activities, and High 
Temperature Alloys 


If you are an experienced research 
metallurgist interested in and qual- 
ified for any of the above technical 
areas; send a complete resume to 


A. J. PANERAL 
ARMOUR RESEARCH 
FOUNDATION 
of Illinois Institute 


of Technology 


10 W. 35th St. 
Chicago 16, Ill. 


METALLURGISTS 
AND 
SOLID STATE 
PHYSICISTS 


Scientists with strong in- 
terests in high temperature 
metals, mechanical metal- 
lurgy, or solid state re- 
actions are needed for 
challenging research assign- 
ments. Career scientists 
having Ph.D. or MS. de- 
grees, plus 2 to 5 years’ 
experience, are preferred, 
but recent graduates will be 
considered 


Excellent salary and em- 
ployee benefits are combined 
with living in a desirable, 
progressive community hav- 
ing many educational, cul- 
tural, and recreational ad- 
vantages 


Write to 
R. S. Drum 
Battelle Memorial Institute 
505 King Avenue 


Columbus 1, Ohio 


PHYSICAL 
METALLURGISTS 


Join one of industry’s most pro- 
gressive teams in exploring the 
metallurgical frontiers of super- 
sonic flight. 

Here are unusual opportuni- 
ties in applied research for 
experienced metallurgists who 
would like to assume increased 
responsibility and expand thei 
“sphere of influence.” 

Successful applicants must 
have the ability to organize and 
direct the work of others. These 
positions afford exceptional 
opportunities for advancement 
in an expanding materials de 
velopment program, 

Background Preferred: 
Graduate Metallurgical Engi 
neer with at least four years 
experience including develop 
mentor application work in one 
or more of the following spe 
cialties: 

Titanium Alloys 

Hot Work Die Steels 

Superalloys 

Refractory Metals 

Mechanical Metallurgy 

(Sheet Metal Forming } 

For moré information please 
write to: Mr.T. A. Stevenson. 
Engineering Personnel, North 
American Aviation, Ine., Los 
Angeles 45. California, 


THE LOS ANGELES DIVISION OF 


NORTH 
AMERICAN 
AVIATION, INC. 


A 
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Nickel makes steels even better 


Properties that Nickel improves in- 
clude toughness, resistance to impact 
(particularly at low temperature), 
corrosion resistance, heat treatabil- 
ity, fatigue resistance, many more. 

Nickel provides versatile steels 
like the two widely warehoused types 
AISI 4340 and AISI 4615-20. 

The four more recently developed 
steels described below show how 
Nickel helps produce specialized 
steels, too. 

AIS! 4340 Through-hardening 

4340 stands alone among medium car- 
bon steels in its ability to provide maxi- 
mum strength, ductility, toughness and 
resistance to fatigue in parts of medium 
to heavy cross section. 

AIS! 4615-20 Carburizing 

4615-20 is a carburizing steel that has 
consistently proved itself the ideal for 


a wide variety of carburized parts. It’s 
easy to harden and has a minimum 
tendency toward distortion in heat 
treatment. 


Ultra-High-Strength Steel — 300 —M 
Originated for aircraft landing-gear, 
ultra-high-strength steel develops 
300,000 psi tensile strength yet retains 
high toughness. Amazing savings in 
weight and bulk are possible. 


9% Nickel Steel 

@Carburized applications — Develops 
full hardness . . . case and core.. 
with furnace cooling (no liquid 
quench). Minimum distortion. 

@ Low Temperature applications — Re- 
sists brittle fracture to —320°F. Im- 
proves strength of large rotating 
parts. 

@ Petroleum applications — In certain 
applications such as the handling of 
sweet crude this steel has exceptional 
corrosion resistance. 


5% Nickel — 2% Aluminum Steel 
Provides highest core strength obtain- 
able in age-hardening and nitriding 
steels along with extreme surface hard- 
ness. Noteworthy resistance to wear 
particularly at high temperature. 
New Ni-Cr-Mo Carburizing Steels 
New Nickel-containing carburizing 
steeis offering an attractive combina- 
tion of economy plus superior engineer- 
ing and processing properties. These 
steels have proved of particular interest 
to the automotive industry where they 
are now being exhaustively tested. 
For metallurgical or engineering 
details, for help in applying these 
steels, feel free to call on Inco’s De- 
velopment and Research Division. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street Ake, New York 5, N.Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Titanium future brightens 


Still in the specialty metal category, signs point toward titanium heading 
into the tonnage metal group, says Battelle Memorial Institute’s Defense 
Metals Information Center in a memorandum, “Recent Advances in 
Titanium Technology.” Mach 3 airplanes with titanium alloy structure may 
soon be flying; solid propellent rockets with titanium alloy cases will prob- 
ably be built; welded, heat-treated titanium alloy helium bottles will fly 
with the Atlas ICBM. For report on new titanium alloys, see p. 29. 


Metal forming by explosion 


Recent tests indicate that almost any metal—including those formerly 
regarded as too brittle—may be formed by explosive methods. Among the 
firms interested are Convair, Olin Mathieson, Du Pont, Union Tank Car, 
American Potash, North American, Chromalloy Corp., and Aerojet-General 
Corp. In Aerojet’s test, blank metal to be formed is fastened above bowl- 
shaped portable metal mold backed in concrete. Explosive charge is sus- 
pended above the blank, and the entire unit is submerged in a tank of 
water. Detonation transmits pressure through the water, forming the metal 
blank to the mold’s configuration. Pressures from a few psi up to more than 
one million psi may be directed and controlled by proper wave-shaping of 
explosives. 


Ultrasonic welding 


An ultrasonic seam-welding process has been announced by Westinghouse 
Electric Corp. Metals to be welded are passed between two wheels con- 
nected to ultrasonic transducers, causing a binding by intermolecular forces. 
The experimental welder has been used successfully to seam-weld thin 
sheets of steel, copper, silver, and certain alloys . . . Aeroprojects Inc., of 
West Chester, Pa., which specializes in ultrasonic apparatus, has developed 
a force-insensitive transducer coupling device, and reports successful weld- 
ing of structural aluminum alloys in thicknesses up to 0.064 in. Their larg- 
est spot welding unit at present has a 4000 watt capacity. 


New production and research facilities 


Construction holds the spotlight in Ariz., Pa., and Conn. Kennecott Copper 
Company’s 20,000 ton-per-month copper smelter was dedicated recently in 
Hayden, 65 miles north of Tuscon. The smelter is capable of producing 
700-lb anodes, 99.95 pct pure copper . . . Construction of a $4 million metal- 
lurgical research center for Olin Mathieson Chemical Corp., in New Haven, 
will be completed by mid-1959. The laboratories will provide research, 
development, and integrated pilot plant production facilities and services 
for metals and nuclear activities .. . Final contracts have been placed for 
the construction of the IN-FAB (inert fabrication) plant by Universal- 
Cyclops Steel Corp., in Bridgeville, Pa. Primary concern of the new plant, 
to be completed in one year, will be the fabrication of molybdenum and 
other alloys within their true working temperature range in an inert 
atmosphere. 
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New from Addison-Wesley 


ELEMENTS OF PHYSICAL METALLURGY, Second Edition 


by ALBert G. Guy, Purdue University 

This is the new second edition of a widely used textbook for introductory 
courses in physical metallurgy. The principal features of the revision are: 
(1) introduction of dislocation theory; (2) addition of material on electron 
theory of metals, in view of the increased importance of electronic phenomena 
in semiconductors; (3) introduction of a new chapter, Phases in Metals Sys- 
tems, to prepare the student for the study of phase diagrams in the follow- 
ing chapter; (4) addition or revision of material required to bring the book 
completely up to date. As was the case with the first edition, a balance 
between theory and practice has been maintained. 


c. 576 pp. 297 illus, Second Edition 1959—$9.50 


FUNDAMENTAL ASPECTS OF REACTOR SHIELDING 


by Hersert GoLpstein, Nuclear Development Corporation of America 

This new book by the author of the distinguished CLASSICAL MECHANICS 
is, in essence, a revision of the book THE ATTENUATION OF GAMMA 
RAYS AND NEUTRONS IN REACTOR SHIELDS which Dr. Goldstein pre- 
pared at Nuclear Development Corporation of America for United States 
Atomic Energy Commission. It will be of keen interest to physicists, biolo- 
gists, health physicists, chemical, mechanical, and nuclear engineers—in a 
word, to all who are concerned with reactor and shield design. The twofold 
aim of the work is to encourage further investigations into the basic physics 
of shields, and to supply an exposition of the fundamental shielding proc- 
esses, which serve as the basis for design of any reactor shield. The author 
concentrates on the “fundamentals’—the factors affecting the permissible 
radiation levels, the sources and characteristics of the radiation to be 
shielded against, how bulk shielding measurements are made and, at greatest 
length, how the attenuation of neutron and gamma rays in shield materials 


is calculated, theoretically or empirically. 
400 pp. 95 illus, 1959—$9.50 


CONSTITUTIONAL DIAGRAMS OF URANIUM AND THORIUM ALLOYS 


by FRANK A. RouGH AND ArtuHuR A. Bauer, Battele Memorial Institute 
Written in cooperation with United Kingdom scientists and engineers, this 
valuable compilation of U.S. and U.K. uranium and thorium constitutional 
diagrams is a compact and highly useful source of reference material for all 
working in the field. It is divided into two major sections, uranium alloys 
and thorium alloys, each preceded by a discussion of the transformation and 
melting temperatures of the base metal. The various systems are listed in 
alphabetical order, including both binary and ternary systems. 


153 pp. 72 illus, 1959—$5.00 


and 


ATOMS-FOR-PEACE GENEVA 1958 


THE “PRESENTATION SET” GIVEN TO OFFICIAL DELEGATES AT GENEVA BY THE U.S.A. 


PROJECT SHERWOOD—THE U.S. PROGRAM IN 
CONTROLLED FUSION 

by Amasa S. Bishop 216 pp.—$5.75 

U.S. RESEARCH REACTOR OPERATION AND USE 

Edited by Joel W. Chastain, Jr. 366 pp.—$7.50 


RADIATION BIOLOGY AND MEDICINE 
Edited by Walter D. Claus 944 pp.—$11.50 


URANIUM ORE PROCESSING 
Edited by J. W. Clegg and D. D. Foley 488 pp.—$7.50 
THORIUM PRODUCTION TECHNOLOGY 
by F. L. Cuthbert 303 pp.—$6.50 
SOLID FUEL REACTORS 
by J. R. Dietrich and W. H. Zinn 844 pp.—$10.75 


PHYSICAL METALLURGY OF URANIUM 
by A. N. Holden 262 pp.—$5.75 
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THIS WIDELY ACCLAIMED SET WILL BE AVAILABLE UNTIL MARCH 1, 1959 AT THE SPECIAL 
SET PRICE OF $84.00 


¢y ADDISON-WESLEY PUBLISHING COMPANY, INC., Reading, Massachusetts U.S.A. 


BOILING WATER REACTORS 
by Andrew W. Kramer 563 pp.—$8.50 
FLUID FUEL REACTORS 
Edited by J. A. Lane, H. G. MacPherson, 
and Frank Maslan 979 pp.—$11.50 


THE TRANSURANIUM ELEMENTS 
by Glenn T. Seaborg 328 pp.—$7.00 


SODIUM GRAPHITE REACTORS 
by Chauncey Starr and R. W. Dickinson 288 pp.—$6.50 


THE SHIPPINGPORT PRESSURIZED WATER 
REACTOR 


Written by personnel of the Naval Reactor Branch, 
Division of Reactor Development, U.S. Atomic Energy 
Commission; Westinghouse Electric Corp., Bettis 
Plant; and Duquesne Light Company 588 pp.—$9.50 
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Celebrating 
JOURNAL OF METALS’ 
TENTH YEAR 


Yes, with the January 1959 issue we are just 10 
years old. But not many now on the staff can re- 
member that far back in the history of JoURNAL 
or METALS; so, we devised a new title, Historical 
Editor, and sent our man climbing through the 
dusty records of the past. We learned a lot of 
things about ourselves ... and pass them on to 
you... 


Directors in November 1947, a committee was 
selected and instructed to perform a comprehen- 
sive study of all AIME publications, including Min- 
ing and Metallurgy, the Technologys, the Trans- 
actions, and the Proceedings of the two conferences 
sponsored annually by the Iron and Steel Confer- 
ence Committees. 

In its report, which came to be known by the 
name of its chairman, Hjalmar Johnson, the Com- 
mittee suggested that publication of Transactions 
and Technologys, in their then present form, be dis- 
continued. In place of these, appropriate new jour- 
nals should be developed for the mining, metals, and 
petroleum branches. The contents would be sub- 
stantially the same technical papers appearing in 
the Technologys. 

One year later, JOURNAL OF METALS, MINING 
ENGINEERING, and JOURNAL OF PETROLEUM TECH- 
NOLOGY were established as separate publications. 
This was a marked improvement over the previous 
publications, which had sought to present articles 
on all phases of engineering pertinent to AIME 
The technical papers, or transactions sections, of each 
journal were overprinted and bound annually as 
AIME Transactions volumes, preserving the con- 
tinuity of publications under this label. Bound 
volumes of transactions had appeared since 1873, 
although individual technical papers had been 
available as pre-prints. 

The first bound volume, Transactions of the AIME, 
was adequate for its day. The AIME Bulletin (estab. 
1905) and Mining and Metallurgy (estab. 1919) 
recognized the growth of the organization and the 
diversification of interests in the field. 


A’ the regular meeting of the AIME Board of 


Until 1927, all papers eligible for Transactions 
were brought out in general volumes. During that 
year, in an attempt to reduce the amount of material 
sent to each member, the general volume was aban- 
doned in favor of segregated volumes published at 
regular intervals. At the same time, Teéhnical Pub- 


lications were issued separately so that a member 


wishing articles within a certain classification would 
not be burdened with extraneous material. 

A further step toward literary autonomy was 
taken in 1934 with the creation of Metals Technol- 
ogy. This consisted of current technical papers 
sponsored by IMD. So satisfactory was this experi- 
ment that three other journals sprang up during the 
next 12 years (Mining Technology, 1937; Petroleum 
Technology, 1938; and Coal Technology, 1946). 

As the Johnson Report recognized, the continual 
creation and abolishment of pamphlets, magazines, 
and reports over the years, although momentarily 
helpful, did not establish literary stability in the 
engineering field. The one exception to this was the 
previously mentioned bound volumes of Transac- 
tions. When the suggestions of the three-member 
committee were put into effect ten years ago, it was 
felt, by and large, that AIME had finally adopted a 
publication policy consistent with the growth of the 
organization. 
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But finally was to be temporary. In 1958 The Metal- 
lurgical Society Publications Committee brought 
about another change. Chairman William Harris, 
Jr., wrote in an explanatory editorial: “In recog- 
nition of the desire of many members to have science 
and engineering technical papers combined, and in 
recognition of the need for a scheme that appeared 
consistent with our financial capabilities, a pro- 
gram of publication based on two journals was fin- 
ally accepted. One of these journals will be the 
JOURNAL OF METALS. Subject matter will include 
papers on professional and economic subjects, re- 
view and summary articles in metal science and 
engineering, abstracts of technical papers to be pre- 
sented at regular meetings of the Society, and dis- 
cussions of the broad problems of concern to all 
members of the Society. 


“The second journal will be called Transactions 
of the Metallurgical Society of AIME. In this journal 
will be presented technical papers on subjects in 
the fields of metal science and metal engineering.” 

Thus was created the JOURNAL OF METALS as you 
read it this month. It is not a magazine of chance 
discovery; rather it is the latest development of 86 
years of AIME publications. 


The information media of this Society must keep 
abreast of the Society's expansion. It is to be hoped 
that for many years to come, JOURNAL OF METALS, 
now entering its 11th year of publication, will con- 
tinue to serve as the voice of metallurgy throughout 
the profession. 
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Manchester, N. H., home of the 
Journal of Metals. Engravings 
are made at the Hampshire En- 
graving Corp., shown at left. 
They join the printed word set 
on the linotype machines of Lew 
A. Cummings Co. At lower left, 
“Kit” is shown assemblying the 
finished pages. Printing, shown 
at lower right, is followed by 
binding, trimming, and address- 
ing prior to delivery to the homes 
and offices of our readers. 


The Present 


And after that excursion through the distant and 
immediate past, we would like to carry you on 
to the present ... today .. . the five eager faces 
that tear your manuscripts to pieces and put them 
together again. Here is how this miracle is per- 
formed! 


The average citizen, upon seeing an article in 
the morning newspaper which pertains to a new 
development in the field of metallurgy, may be ex- 
pected to skim through the paragraphs, perhaps 
tuck away the information in a vacant section of 
his mind, and then settle down to the financial sec- 
tion or the crossword puzzle. In other words, the 
average citizen takes metallurgy for granted; he 
knows there are metallurgists scattered here and 
there around the world (although he may not know 
why), and he expects periodic developments in 
keeping with the purpose of the profession. 

In the same manner, our readers may be excused 
if they pick up each month’s issue of JOURNAL OF 
METALS, peruse the feature articles, take note of 
the monthly departments, and put down their copy 
without realizing the months of work that go into 
each issue. 

Because JOURNAL OF METALS is as much your 
magazine as ours, and because it is published for 
you rather than for the staff members, we wish to 
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In New York City at the Engineering 
Societies Building on 39th Street, plans 
for future issues are worked out, copy is 
edited, illustrations are processed, and 
page layouts are done. Above, Starratt 
and Van Cronkhite planning. Top right, 
Camile Cardon working. And bottom right 
is production editor, Otto Johnson, who 
handles relations with printer and en- 
graver. James Burke, just returning from 
military service, is also one of us. 


show you in words and in pictures how your papers 
are processed, how the monthly departments are 
compiled, how cooperation from metallurgist to 
printer produces the monthly journal you are now 
reading. 

From metallurgist to printer 

The nucleus of the magazine is the five-member 
editorial staff located at AIME headquarters. The 
managing editor, a graduate metallurgist and econo- 
mist, plans out future issues, maintains control of 
copy, and later works out page layouts. Papers sub- 
mitted for publication receive his attention prior to 
being placed in the hands of the editorial staff. 

An editor, in the opinion of some authors, is an 
Artzybasheff creation—one part blue pencil, one 
part intense dislike for all authors. In reality, an 
editor rarely connects a personality with a manu- 
script and usually he avoids using the editing pen- 
cil wherever possible. It is his function, however, to 
see that each manuscript reflects uniform punctua- 
tion and clarity of sentence structure. 

Preparing the average manuscript for printing 
requires reading and rereading as well as careful 
consideration of what illustrations and tables would 
best help in understanding the subject matter and 
conform to the allotted number of magazine pages. 
The article must be edited, keeping in mind the pol- 
icy of brevity and clarity of text. After retyping, 
the manuscript is finally ready for the printer. 

Galley proofs from the printer are checked by 
the editorial staff and forwarded to the author for 
further consideration. Because of the expense in- 
volved in resetting. type changes are kept to a mini- 
mum. 


Information used in the Reporter, AIME News, 
Necrology, and other monthly departments, is edited 
in the same manner as the feature articles. 

Advertising, an important part of the magazine, 
is prepared as far in advance of the publication as 
possible. A two-man staif at AIME headquarters, 
working with agencies and salesmen throughout the 
US, confirms advertising contracts and passes along 
the copy to the magazine production editor, who 
arranges the layout in coordination with the ar- 
ticles. 

JOURNAL OF METALS is printed by the Lew A. 
Cummings Co. Inc., in Manchester N. H. Pictures and 
drawings are engraved on magnesium plates by the 
Hampshire Engraving Corp. also in Manchester. 
Type and engravings join at the Cummings plant 
where they are assembled into pages, printed, bound, 
trimmed, and mailed out to you. 

The finished magazine is the result of approxi- 
mately two months of research, editing, proofread- 
ing, layout planning, and writing. Each issue is the 
product of co-ordination among authors, editorial 
staff, the printer, the engraver, the advertising de- 
partment, and the AIME staff. JoURNAL OF METALS, 
in its entirety, is a complex organization requiring 
varied skills, exact timing, and above all, cooper- 
ation. 

One hundred and twenty-one deadlines ago, 
JOURNAL OF METALS went to press for the first time 
In the first editorial, Frank T. Sisco, then director of 
Alloys of Iron Research, set down two goals for the 
magazine: facts and brevity. Ten years have passed 
since the writing of that editorial, and our objective 
has not changed from Mr. Sisco’s concise appraisal. 
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ALL- OUT PARTICIPATION IN 
THE FALL MEETING OF THE 


his year the former IMD Fall Meeting had a new 
T name, the Fall Meeting of The Metallurgical 
Society, sponsored by IMD. While the 1957 Fall 
Meeting included participation by the Iron and 
Steel Div. as well as the Institute of Metals Div., 
this year, for the first time, the meeting had techni- 
cal sessions by all three divisions. There were four 
simultaneous technical sessions from Monday morn- 
ing through Thursday noon. Registration began on 
Sunday, October 26th, and continued until the end 
of sessions on Thursday, October 30th. 

The Iron and Steel Div. arranged two sessions 
which featured reports by American metallurgists 
who recently visited steelmaking plants in the 
Soviet Union. At the morning session, speakers re- 
viewed raw materials, blast-furnace and coke-oven 
operations, open hearths, and electric furnaces. The 
afternoon session included talks on Soviet rolling 
mills, vacuum techniques, and steelmaking research, 
thus completing a full coverage of current Soviet 
development in the ferrous metals field. JOURNAL OF 
METALS published J. H. Strassburger’s paper, Soviet 
Blast Furnace Practice, on p. 721 of the November 
1958, issue, while a paper by K. C. McCutcheon on 
Open-Hearth Shops of the USSR also appeared in 
the same issue. 

The Extractive Metallurgy Div. participated in 
the Fall Meeting for the first time. Two sessions 
were held by the EMD Physical Chemistry of Ex- 
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tractive Metallurgy Committee: the first a sympo- 
sium, Physical Chemistry of Halide Systems, and 
the second, New Applications of the Phase Rule in 
Extractive Metallurgy. 

The technical committees of IMD sponsored a 
number of sessions. Among them was the Semicon- 
ductors Committee, which held its first technical 
sessions—Government-Sponsored Research on Semi- 
conductor Metallurgy. The technical session was 
followed by a general luncheon under the sponsor- 
ship of the Committee. 

The IMD Chemistry and Physics of Metals Com- 
mittee sponsored two session: Point Imperfections 
and Effects of Small Dimensions. A review of both 
is included on p. 23 of this issue. 

The Seventh Annual Titanium Symposium, spon- 
sored by the Titanium Committee of IMD was held 
on Tuesday morning and afternoon. Panels discussed 
such diverse subjects as price, quality, prospects, 
new processes, etc. The afternoon panel, New Alloys, 
moderated by R. I. Jaffee, is reviewed on p. 29 of 
this issue. 

The IMD Powder Metallurgy Committee con- 
ducted its annual symposium with papers presented 
on high-purity tantalum, molybdenum-nickel dis- 
persion alloys, titanium carbide, and carbonyl iron. 
Werner Leszynski reviewed the Third International 
Plansee Seminar held in Reutte/Tyrol, Austria; 
his paper on p. 24 of this issue. At the general 
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Highlight of the Fall Meeting was the An- 
nual Dinner, shown on opposite page. Ed- 
word Mapes, Chairman of the Cleveland 
section of AIME welcomed all to industrial 
Cleveland (above). Later (above right) J. H. 
Hollomon was presented with the 1958 
Rosechain Medal by R. A. Wilkins on behalf 
of the Institute of Metals (of the UK). An 
honored guest (lower right) at the Dinner 
was K. Headlam-Morley, Secretary of the 
Iron and Steel Institute (of the UK). 


luncheon following the morning symposium, a re- 
port on powder metallurgy discussions at the Second 
UN International Conference on the Peaceful Uses 
of Atomic Energy was given by Henry H. Hausner; 
this report is published on p. 36. 

Highlight of the Fall Meeting of The Metallurgi- 
cal Society was the Annual Dinner held on Tues- 
day evening, October 28th. Toastmaster was O. T. 
Marzke, vice president, Fundamental Research, 
US Steel Corp. Edward Mapes welcomed all to 
Cleveland on behalf of the Cleveland section of 
AIME. President of the American Society for Metals, 
George Young, expressed the “hope that our two 
societies will continue to cooperate with each other, 
for there is much that we can do together for so- 
ciety and industry.” : 

J. H. Hollomon was presented with the 1958 
Rosenhain Medal by R. A. Wilkins, vice president 
of Revere Copper & Brass. The Award is made an- 
nually by the Institute of Metals (of the UK) and 


bestowed on individuals who have made outstanding 
contributions in the field of metallurgy. Said Dr. 
Hollomon upon receiving the award, “I believe that 
awards are given for two purposes: to honor and to 
set standards. I sincerely hope I deserve the honor.” 
Attendance of Kenneth Headlam-Morley, Secretary 
of the Iron and Steel Institute (of the UK), con- 
tributed to the success of the evening. He com- 
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mented, “I think Dr. Rosenhain would have been 
pleased that the medal went to a man who lived up 
to the criteria of his beliefs.” 

Walter R. Hibbard, Jr., President of The Metal- 
lurgical Society, and Augustus B. Kinzel, President 
of the AIME, were also present on the dias. They 
expressed greetings and offered best wishes to all 
for a most successful meeting. 

Speaker of the evening was George B. Woolard 
of the Dept. of Geology, University of Wisconsin. 
Dr. Woolard spoke on the results of the International 
Geophysical Year in the Antartica studies. 


Metal Show Highlights 


Running simultaneously with the Fall Meeting of 
The Metallurgical Society of AIME, was the 40th 
National Metal Show of the American Society for 
Metals at the Cleveland Public Auditorium. 

Theme of this year’s Metal Show, Make It Better 
With Metals .. . for Less, attracted an attendance of 
more than 60,200. A pageant of metal progress ...a 
number of firsts in new metal products and tech- 
niques... were shown in the 406 exhibits. 

Zirconium and Zircaloy-2 samples made by a new 
continuous process were shown by the Titanium div. 
of National Lead Co. This process produces a con- 
tinuous metal compact directly from zirconium 
tetrachloride in one operation. The compact is cut 
into desired lengths for consumable electrodes which 
are arc-melted without further treatment. Claimed 
for this process are: lower costs, higher purity, and 
greater uniformity. The hydrogen content of the 
metal is less than 10 ppm, oxygen in the range of 
200 ppm, and 20 ppm of nitrogen, all much lower 
than conventionally produced metal. 

Alco Products, Inc. showed machining operations 
of its cost-saving leaded steel. At its Latrobe, Pa. 
plant, the firm manufactures Hi-Qua-Led steel 
forgings which maintain all the physical character- 
istics of regular steels, while making possible greatly 
reduced machine time, longer tool life, and improved 
surface finish. 

F. J. Stokes Corp. showed its new cold-wall vac- 
uum furnace for sintering at 4000°F. Sintering of 


Cleveland, Ohio—-site of the Fall Meeting and the Metal Show. 
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powder metal parts compacted of materials with a 
very high melting point such as tantalum, and de- 
gassing of components such as tungsten elements 
for electronic tubes (which require equally high 
temperatures), are both practicable in the new fur- 
nace. This vacuum furnace is suitable for experi- 
mental work and for small scale production.Within 
its vacuum retort, which is 20 in. in diam and 20 
in. deep, is a resistance-heated hot zone 3% in. in 
diam and 6% in. deep. This is surrounded by a 
multi-layer reflective shield which, in turn, is sur- 
rounded by a water jacket. 

As the first example of rolled, extruded, and 
drawn products of high-purity, ductile vanadium 
highlighted the exhibit of Vanadium Corp. of Amer- 
ica (see JOURNAL OF METALS, September 1958, p. 
618). Other new developments included a series of 
high-chromium alloys with extra low carbon con- 
tent. The new alloys, under the trade name of 
EXLO “75”, contain a minimum of 75 pet Cr and a 
maximum of 0.015 and 0.25 pet C. They are designed 
to reduce the tonnage of alloying agent to be 
handled, as well as to minimize chilling of metal in 
the ladle, and lessen the need for removal of carbon 
by extended furnace operation. 

A 330-lb columbium ingot, measuring 9 in. in 
diam and 19 in. in length, was on exhibit by Electro 
Metallurgical Co., div. of Union Carbide Corp. The 
metal was produced in the form of roundels by 
Electromet and consumable-arc melted by the Re- 
fractomet div. of Universal Cyclops Steel Corp. This 
joint venture was undertaken to investigate the 
feasibility of producing larger columbium ingots on 
a commercial scale. 

Haynes Stelite Co., div. of Union Carbide Corp. 
displayed parts made from tantalum, silicon nitride, 
and metal-ceramics. A special feature was a 30- 
gallon chemical reactor vessel completely lined with 
tantalum. Parts of silicon nitride included large 
crucibles and boats such as those being considered 
for use in zone refining of transistor-grade metals. 

These exhibits were only a few of the highlights of 
this mammoth show which we spotted while walking 
through the labyrinth of passageways and halls that 
is the Cleveland Auditorium. Many other exhibits 
had a high level of professional interest, and we re- 
gret our inability to mention more of them. 
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Point Imperfections 


An audience of 150 heard J. W. Corbett of the 
General Electric Co., C. A. Wert of the University of 
Illinois, and A. S. Nowick of the IBM Watson Lab- 
oratory, discuss various means of producing and 
studying point imperfections, and joined in spirited 
discussion of each paper. 

Corbett described the production of interstitial 
atoms and lattice vacancies in copper by electron 
bombardment. The presence of these products of 
radiation damage can be detected by measurements 
of electrical resistivity. A study of the change in 
resistivity with time and with temperature on 
heating from an initial irradiation temperature 
near absolute zero, makes possible an identification 
of the nature of the damage. Briefly, Corbett showed 
how it was possible to identify close interstitial- 
vacancy pairs and free interstitial atoms in the ir- 
radiated material. The interstitial atoms moved 
about in the material at a temperature of 40°K. 
They could be trapped at impurity atoms in the 
copper or be annihilated by meeting a vacancy. 

Wert reviewed the techniques of internal friction, 
whereby through mechanical relaxation measure- 
ments it is possible to measure the diffusion rates 
of point imperfections in crystals. He discussed the 
diffusion of interstitial atoms in body-centered 
cubic metals, such as chromium. Not only is it pos- 
sible to study diffusion by means of internal friction, 
but it is also possible to study the interactions be- 
tween impurity atoms in a solid solution. Wert de- 
scribed the results of experiments which helped to 
clarify the interactions between interstitial atom 
pairs, between interstitial atoms and substitutional 
impurities, and between impurity atoms and dis- 
locations. 

Nowick discussed the production of vancancies by 
heating a crystal, allowing the equilibrium concen- 
tration of vancancies to build up, and quenching 
the sample to retain this concentration at low tem- 
perature. He pointed out the dangers of using 
thermal expansion measurements to estimate the 
vacancy concentration at high temperatures, and 
outlined other more reliable means, based upon 
measurements of electrical resistivity. 

Nowick showed that it was possible to measure 
the energy of formation of a lattice vacancy by 
measuring the relative concentrations of vacancies 
quenched in from different high temperatures. He 
showed that the activation energy for moving a 
vacancy could be estimated from the kinetics of 
vacancy annealing. The sum of these energies 
checked well with the measured self-diffusion re- 
sults. Most metals appear to have roughly one va- 
cancy per thousand atoms at the melting point. An 
unsolved problem is the apparent reluctance of 
vacancies to unite in pairs during quenching. 


Fall Meeting: Metals Behavior 


In two symposia that were presented by the Chemistry and Physics of 
Metals Committee at the Fall Meeting, many new scientific techniques and 
facts were presented by six outstanding lecturers. 


Small Dimensions 


N. Cabrera (University of Virginia) spoke on 
Properties of Whiskers. He suggested that the 
growth of a whisker from a vapor or a solution is 
dependent upon impurity atoms; if there are no 
impurities, growth should soon stop because the 
steps on the side of the whisker should disappear. 
He discussed the considerable experimental evidence 
that now exists for the presence of screw disloca- 
tions parallel to the whisker axes: tilt of Laue spots 
from individual whiskers, the appearance of etch 
pits and, even more directly, decorated dislocations 
in whiskers of transparent, non-metallic substances. 
Additional data on the tensile strength of whiskers 
show that their strengths increase rapidly as the 
whisker diameters decrease. 

The Mechanical Properties of Thin Films were 
described by J. W. Beams (University of Virginia) 
Beams and his students have measured the strengths 
of metal films by depositing them electrolytically 
onto small cylindrical rotors, which are then spun 
at high speeds until the films break off. Silver films 
tested in this way show a sudden increase in 
strength when the film thickness decreases below 
about 2500 A. Films much thinner than this are so 
strong that the rotors explode before they reach 
a speed that is large enough to break the films. Thin- 
ner films can be tested by a bulge method, in which 
the film, fixed to the end of tube, is bulged out by 
the pressure of air in the tube. In bulge tests the 
strength increases suddenly at 1000 to 1500 A. Work 
is now in progress on single-crystal films, made by 
depositing the metal onto silver chloride crystals. 

The final lecture was given by C. P. Bean (Gen- 
eral Electric Research Laboratory) on Magnetic 
Properties of Whiskers, Thin Films, and Small Par- 
ticles. Just as it is difficult to produce slip in a 
whisker, it is also difficult to nucleate a domain of 
reversed magnetization in a fully magnetized 
whisker. Once they are nucleated, however, the do- 
main walls can travel along a whisker at very high 
velocities—up to Mach 5 in iron. The magnetic 
properties of thin films are of current interest be- 
cause of their possible use in computers: they have 
square hysteretic loops and can be switched very 
quickly from one direction of magnetization to 
the other. 

There is much interest in fine particles. Particles 
which are so small in all dimensions that they con- 
tain no domain walls, undergo reverse magnetiza- 
tion only with difficulty. Therefore, such particles 
make good permanent magnets when they are com- 
pacted with a suitable binder. As the particle size de- 
creases, the coercive force reaches a maximum (at 
about 50 A. for iron) and then decreases, because 
the particles are then so small that thermal fluctua- 
tions begin to throw the electron spins out of align- 
ment. This has been termed super-paramagnetism 
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POWDER METALLURGY DEVELOPMENTS 


Two international meetings held in Europe during 1958 brought forth new 


ideas and developments in the field of powder metallurgy. The papers pre- 


sented at the Fall Meeting of The Metallurgical 
Society. Werner J. Leszynski talked on the Third 
International Plansee Seminar, held at the Metall- 
werk Plansee in Reutte/Tyrol from June 22nd to 
June 26th of 1958. At the general luncheon spon- 
sored by the IMD Powder Metallurgy Committee 
Henry H. Hausner discussed powder metallurgy at 
the UN Atoms-for-Peace Conference in Geneva. 


aa two papers making up this article were pre- 


International Plansee Seminar 
by Werner J]. Leszynski 


Production, properties, and applications of high- 
melting metals were discussed at the Third Inter- 
national Plansee Seminar, held in Reutte/Tyrol, 
Austria, in June 1958 


Tungsten 


Recrystallization mechanism and sub-structure of 
tungsten wire was investigated by G. A. Geach and 
F. O. Jones’, J. W. Pugh’, and G. D. Rieck’. The 
British authors discussed two types of sub-grain 
structures which can be revealed by the use of sev- 
eral etchants. Pugh gave approximate temperature 
ranges for the disappearance of vacancies and inter- 
stitials, the annihilation of dislocations, polygoniza- 
tion, sub-grain growth, and recrystallization. Rieck 
discussed, in particular, the recrystallization in 
doped wire, presenting a concept of growth which 
explained the lining-up of the additions in the form 
of strings, as well as the change of texture due to 
the dope effect 

R. Bernard‘ demonstrated a relation between the 
microstructure of tungsten and its suitability as a 
contact material for low-voltage circuit breakers (6 
to l2v, 0.2 to la per mm‘). For contacts cut from 
rolled or swaged bars, a very fine long-fibered struc- 
ture appears essential for satisfactory performance. 

D. A. Davies’ presented a reappraisal of theory as 
well as a practice of the so-called flash-test for 
tungsten wire. This is used widely in the industry 
and consists of a selected capacitance. The test is 
extremely sensitive to variations in resistivity, but 
it is not sensitive to variations in surface conditions. 
Lite tests are in agreement with flash-testing data. 

R. I. Jaffee, C. T. Sims", and J. J. Harwood’ inves- 
tigated the effect of rhenium on tungsten and found 
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sented at these gatherings have been summarized by two experts. 


that the transition temperature is lowered by the 
addition of rhenium, but not as much as with molyb- 
denum. Consequently, low temperature ductility is 
not achieved. However, the addition of about 30 
pet Re substantially aids tungsten hot workability. 

H. Braun, R. Kieffer, and K. Sedlatschek” system- 
atically studied the technology of W-Ta alloys. Den- 
sity, lattice parameters, hardness, modulus of elas- 
ticity, electrical conductivity, and resistance to oxi- 
dation were determined. It was found that dense-sin- 
tered materials of all compositions could be obtained 
by a two-stage process: first, preforming the solid 
solutions in a sintering process and then crushing 
and grinding the compacts; second, recompacting 
and resintering the preformed solid solutions. Al- 
loys containing up to 30 pct W were found to be 
ductile at room temperature. Alloys having up to 
20 pet Ta were hot-workable, while alloys with 20 
to 70 pct Ta were not workable. Of practical interest 
is the 80-20 Ta-W composition, which is resistant to 
attack by 20 pct HF and workable. 

An important application of tungsten is its use 
as a rotating target for X-ray tubes, which can 
survive overloading with more or less pronounced 
fluctuations. The X-ray output generally decreases 
with time, due to changes in the surface structure 
of the focal area. 

According to R. Griffoul and A. Schram,” this 
aging can be minimized by reducing the maximum 
temperature of the target; such cooling may be 
effected by carburization, the tungsten carbide 
formed having a higher thermal emissivity than the 
parent metal. Carburization is accomplished by 
vapor-decomposition of hexane. It is preferable that 
the focal area itself remain uncarburized. This is 
achieved by covering the area with a rhenium- 
coated molybdenum ribbon during the carburiza- 
tion treatment. Rhenium forms no carbides and acts 
as catalyst for the hexane decomposition. An ad- 
vantage of carburized targets is the reduction of 
extra-focal radiation which impairs the quality of 
radiographs. 


Tantalum 


The oxidation mechanism of tantalum was dis- 
cussed by G. Brauer, H. Miller", and E. Gebhardt 
Brauer and Miller found that Ta.O and another 
suboxide (probably Ta,O) are formed upon expo- 
sure of fine tantalum powder in air at 330°C. Geb- 
hardt reported that in oxygen, a leaflet-shaped 
phase is formed in addition to the Ta.O, scale. These 
leaflets grow from the surface of the specimen into 
the Ta-O solid solution and markedly decrease the 
ductility in bending without decreasing the elec- 
trical conductivity. 

H. D. Seghezzi" investigated the tantalum-rich 
section of the system Ta-N and established the ex- 
istence of a tetragonal, distorted, metallic phase 
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with ordered nitrogen distribution as well as a nitride 
segregated preponderantly at the grain boundaries. 

M. A. Clauss and H. Forestier” studied the hydro- 
gen embrittlement of tantalum wires (50 and 100, 
thickness) containing minute amounts of oxygen in 
solid solution. It was found that hydrogen does not 
affect the elastic characteristics of tantalum. With 
high rates of loading, fracture occurs in hydrogen at, 
or in the vicinity of, the yield point. 

Production of ductile tantalum was described in 
detail by G. L. Miller”. The preferred technique is 
powder metallurgy; sintering in a high vacuum 
conveniently eliminates O, C, N, H, and other im- 
purities simultanecusly with densification. Prema- 
ture densification—that is, closing of the pores be- 
fore all the gases have a chance to escape—may re- 
sult in swelling and bursting of compacts, and must 
be avoided. In are melting, purification may be 
achieved by addition of carbon or rare earth ele- 
ments, but this procedure is considered uneconomi- 
cal in commercial production. 


Osmium 


If refractory metals are to be discussed in the 
order of their decreasing melting points, osmium is 
the next metal on the list. Its melting point has been 
redetermined by J. D. Baird, G. A. Geach, and 
A. G. Knapton’ as 3000°C + 200°C. The Vickers 
hardness of osmium, based on at least 99.7 pct purity, 
was found to vary from 300 to 670 Dph, depending 
on the orientation of the surface, the hardness de- 
creasing with increasing angle between surface and 
the basal plane. The hot hardness of 300 Dph at 
1200°C is outstanding (the corresponding values at 
800°C are 200 Dph for rhenium and Nimonic 90, 
and 80 Dph for tungsten). 

Although the work-hardening rate of osmium is 
lower than that of rhenium and columbium, the 
initial hardness is so high that osmium is unwork- 
able. Osmium oxidizes readily, forming, like molyb- 
denum, a volatile oxide (OsO,). A systematic study 
of the system Mo-Os reveals that up to 10 pct os- 
mium reduces the ductility of molybdenum, where- 
as 14 pct increases ductility so much that 12 pct 
reduction at 500°C is possible before cracking starts. 


Molybdenum 


The arc-casting process of the American Metal 
Climax Co., and the properties and applications of 
are-cast molybdenum and its alloys, were discussed 
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by R. Freeman“. The major part of a paper of prac- 
tical interest prepared by N. E. Promisel’ and Har- 
wood was also devoted to the present and potential 
future applications of sintered, as well as arc-cast, 
molybdenum. As far as coated molybdenum is con- 
cerned, the prevailing optimism, to a large extent, is 
based on the recognition that a number of different 
coatings have proved to possess better self-healing 
and self-sealing characteristics than previously 
could be expected. In this respect, the American 
experience is fully confirmed by the results of the 
systematic investigations by Bickle”. 

In nuclear engineering, molybdenum, according 
to E. D. Lloyd", can be used in contact with liquid 
Bi-U alloys. That molybdenum is not corroded by 
liquid bismuth had been known. The tests reported 
by Lloyd also indicate the compatibility of molyb- 
denum with Bi-U alloys in the temperature range 
from 700° to 1000°C. Other experiments reported by 
Lloyd show the compatibility of tantalum and co- 
lumbium with liquid bismuth, but permit no conclu- 
sions as to performance in the presence of the active 
metal uranium. 

The previously mentioned investigation by Jaffee, 
Sims, and Harwood confirms the development of 
remarkable hot plasticity and low-temperature 
ductility by the addition of 50 wt pct (35 atomic pct) 
of rhenium to molybdenum. The ductile-to-brittle 
transition is below 300°F, and the arc-cast alloy can 
be rolled or forged directly without prior extrusion. 
The Mo-Re alloy will, in the as-cast condition, per- 
mit direct hot working with oxygen contents of at 
least 500 ppm oxygen, at least 10 times more than 
can be tolerated by unalloyed molybdenum. 


Columbium 

Brauer and Miller established the existence of 
two compounds: an unstable suboxide, Cb.O, which 
forms when fine columbium powder is exposed to 
air at 300°C, and a new hydride, CbH.,: which has 
the fluorite structure, and is formed by reaction of 
columbium powder with hydrofluoric acid. 

Production, processing, and properties of colum- 
bium were reviewed by L. R. Williams and T. J 
Heal", special attention being given to nuclear appli- 
cations. As in the case of tantalum, the high-vacuum 
sintering method is preferred to are casting, since 
it combines consolidation with purification. The 


outstanding properties of columbium refined by elec- 
tron bombardment were pointed out by C. D’A 
Hunt”, F. Krall’, D. A. Robins, I. Jenkins” and other 
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speakers. According to Hunt, the production of 
columbium by electron bombardment has already 
reached a volume of 2 tons per month. 


Silicides 

E. Fitzer™ reviewed heating elements for tem- 
peratures above 1300°C with special attention to 
MoSi, elements. These silicide elements, which 
were first shown in operation during the first Plansee 
Seminar, are protected by the formation of a glassy 
SiO, film. At high temperatures, this film provides 
protection up to the melting point of the SiO, glass, 
that is, 1700°C. However, when the silicide is ex- 
posed at lower temperatures where the molyb- 
denum oxide is less volatile, a Mo-Si double oxide 
can be formed and lead to destruction of the element. 
To prevent this type of failure, duplex structures 
have been developed in which only the parts ex- 
posed to the highest temperatures consist of the 
molybdenum silicide, whereas the ends of the ele- 
ment consist of compounds such as titanium silicide. 
Such duplex elements have proved successful up to 
maximum operating temperatures of 1650°C. 

The system Re-Si was investigated by A. G. 
Knapton'. Three compounds—ReSi.,, ReSi, and Re,Si, 

were established, all melting below 2000°C, and 
none oxidation resistant. 


Other papers 

The contributions by Hunt and Krall and by Jen- 
kins were already mentioned. The first of these 
papers gave a clear picture of the advantages of 
electron bombardment heating, of the difficulties 
encountered, and of the spectacular progress made 
in this field. Early shortcomings, such as discharges 
through liberated gases, or contamination of the 
cathode by these gases, could be prevented by spe- 
cial arrangement of the tungsten cathodes. Of spe- 
cial advantage is the use of two cathodes, one heat- 
ing the charge to be melted, the other heating the 
molten pool, thus continuing the degassing process 
in the molten state. Jenkins described a number of 
different methods suitable for the preparation of 
small quantities of high-purity refractory metals. 
Good results were obtained by applying electron 
bombardment to zone refining. 

M. Auwéirter™ treated in detail the applications 
of high-melting metals in vacuum technology. 
B. Natter*® summarized the applications in furnace 
constructions. The length of the discussion period 
was indicative of the interest in the paper of 
K. Sedlatschek and R. Kieffer* on U-W, U-Ta, U-Cb, 
and U-Mo materials prepared by infiltration of a 
matrix of the refractory metal with liquid uranium. 

W. M. Schwarzkopf and N. J. Grant™ discussed 
the properties of dispersion-hardened Ni-Al ma- 
terials, prepared either by blending the constituent 
powders or by internal oxidation. H. H. Hausner’s 
paper on slip casting provoked a more general dis- 
cussion on the possible disadvantages of the appli- 
cation of pressure in techniques of powder metal- 
lurgy. 

Of special 


interest was the presentation, by 


R. Mitsche™ and H. Blaha™ of stereoscopic pictures 
of electron-micrographs, which distinctly showed 
the spatial distribution of Al,O, inclusions in an 
Al-Fe matrix. Mitsche proposed the terms Infra- 
Cermets and Ultra-Cermets to distinguish between 
cermet materials preponderant in the metallic and 
the ceramic phase, respectively. 
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Second UN Conference 
on Peaceful Uses of 


Atomic Energy 


by Henry H. Hausner 


At the Atoms-for-Peace Conference in Geneva, 
more than 7000 participants of 68 nations discussed 
nuclear reactor problems within a period of two 
weeks. Nuclear physics and health physics were 
discussed, as well as the problems of nuclear stand- 
ardization, radio-isotopes, reactor technology, and 
reactor materials and components. It was very 
pleasing to me to find that so many papers—in part 
or in full—dealt with powder metallurgy techniques, 
as applied to nuclear engineering. 

Only seven or eight years ago, metallurgical and 
materials engineers did not dare to dream how im- 
portant powder metallurgy would be in the fabri- 
cation of materials and components for nuclear 
power reactors. Many of today’s reactor fuel ele- 
ments are made from metallic or ceramic powders, 
and cermets play a more important role in nuclear 
engineering than probably in any other branch of 
engineering. The powder metallurgy of U, Th, Zi, 
or Be has been well studied during the last few 
years, and powder metallurgy production of these 
materials is progressing in many countries where 
reactor engineering is in an advanced state. 


Nuclear fuel elements 


Most of the recent powder metallurgy develop- 
ment work for the fabrication of reactor compo- 
nents concerns the heart of the reactor, the nuclear 
fuel element. We distinguish three types of solid 
nuclear fuel: metallic, ceramic, and cermet-type 
elements. 

H. Lloyd and J. Williams”, investigated the pow- 
der metallurgy production of uranium for fuel rods. 
Attention was concentrated almost exclusively on 
the consolidation of powder produced by calcium 
reduction of uranium dioxide. This type of uranium 
powder seems to be considerably more stable in air 
than when formed by the hydriding of massive 
uranium. The Harwell engineers claim that the 
handling of their powder in dry boxes containing 
inert atmosphere was, therefore, not necessary for 
their investigations. This calcium-reduced uranium 
powder was of spheroidal shape, and 90 percent of 
the material was smaller than 60u. The powder can 
be pressed and subsequently sintered or hot-pressed 
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below the alpha-to-beta phase transformation tem- 
perature. Extrusion of these powders is also pos- 
sible; however, this can be done only in the gamma 
phase, above 765°C, where the plasticity of the 
metal is high enough for the process. 

S. K. Kantan, R. V. Raghaven, and G. S. Tendol- 
kar”, investigated the powder metallurgy of thor- 
ium, which increases in importance as a secondary 
fuel for nuclear reactors. Previous studies have al- 
ready indicated that fabrication of thorium metal 
by cold compacting and sintering is possible. Com- 
pacting of the powder was done at pressures rang- 
ing from 10 to 50 tsi, and sintering was carried out 
at 1200°C for 1 hr in vacuum. The Indian investiga- 
tions have shown that calcium-reduced thorium 
powder can be compacted to a green density as high 
as 10.75 per cu cm, and maximum sintered density 
as high as 11.26 g per cu cm. Needless to say, the 
careful election of particle size is very important in 
obtaining these results. 


Uranium alloys 

Uranium alloy powders were developed by direct 
reduction of the respective oxides, as reported by 
R. H. Myers and R. G. Robins”. The process con- 
cerns the co-reduction of mixtures of uranium di- 
oxide and alloy element oxide with calcium in a 
sealed reaction vessel. Powder is produced with a 
wide variation in particle-to-particle composition, 
although with consistent composition for various 
size fractions. Reduction of compound oxide with 
calcium does not seem to be very suitable. The par- 
ticular alloy systems investigated were U plus Ni, 
Cr, Mo, and Cb. U-Mo and U-Cb powders, especially, 
seem to be useful for the production of dimensionally 
stable fuel elements. 

An interesting method was disclosed by R. Kieffer 
and K. Sedlatschek,” who prepared uranium alloys 
by infiltration of porous, sintered, uranium skele- 
tons with low-melting metals. Although this de- 
velopment work was done on a rather small scale, 
the results are most interesting and very promising. 


Uranium compounds 


There is a general trend in reactor fuel technology 
to use uranium compounds instead of metallic ma- 
terials. It seems that the oxides and carbides of 
uranium, in particular, have many advantages over 


The European Headquarters for the United Nations—the Palais des Nations in Geneva, Switzerland. 


the metallic uranium. The main characteristics of 
ceramic fuel material are high melting temperature, 
no destructive phase changes, practically no radi- 
ation effects, and high corrosion resistance. It ap- 
pears that the two main disadvantages of ceramic 
fuel and ceramic materials in general, namely, lower 
heat conductivity and low-temperature shock resis- 
tance, are rather unimportant, as compared with the 
advantage of operation at considerably higher tem- 
peratures. High temperature nuclear reactors are 
desirable because of their greater efficiency and 
greater economy. 

At the present time, many reactors are equipped 
with uranium dioxide fuel elements prepared from 
UO, powders by compacting and sintering. Uranium 
dioxide is an especially interesting oxide, inasmuch 
as it oxidizes in air—even at room temperature—to a 
compound of the composition UO,.,, which may even 
go as high as UO... or UO,,. During sintering of these 
oxygen-rich oxides, the UO,,. decomposes to the 
stoichiometric compound, UO,. During decomposition 
of the oxygen-rich compound, the atoms in the 
crystal lattice are in a state of high activity and, 
therefore, cause a kind of accelerated, activated 
sintering. 

The physical properties of uranium dioxide were 
studied by many investigators in various countries 
J. Belle’s” presentation at Geneva represents prob- 
ably one of the most carefully made studies of this 
type. The literatuire on uranium dioxide has grown 
very fast, and a recent review which was made in 
my office showed that more than 300 papers on this 
subject have been published during the last few 
years. A large amount of experimental and develop- 
ment work which was disclosed at the Geneva Con- 
ference, came from Canada and Sweden. The work 
of Runnalls” may be termed almost as classic. 

The presentations by Kiessling, Mogard, and Run- 
fors” and of Nils Schoenberg”, indicate that the 
compacting parameters and sintering conditions for 
uranium oxide powders depend mostly on the his- 
tory of the powder. By proper selection of the 
powder, the use of lubricant, and modification of the 
sintering atmosphere during sintering, uranium 
dioxide can be obtained with a density of up to 
99 percent of the theoretical. However, it usually 
is fabricated to a density of only 95 to 96 percent, 
because a certain porosity seems to be rather ad- 
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vantageous in order to create space for the fission 


gases produced in the material during reactor 
operation. 

In developing uranium compounds, one has to 
consider not only the melting temperature, but 
also the uranium content per unit volume. From 
this standpoint, uranium monocarbide offers some 
advantages, inasmuch as it contains many more 
uranium atoms than does uranium dioxide. Many 
attempts in this and foreign countries are, therefore, 
concentrated on the development of uranium carbide 
fuel elements. A. Boettcher” presented a paper in 
which he described fuel elements to be used in the 
gas-cooled German reactor, consisting of compacted 
uranium monocarbide inserted in a graphite sphere. 
Charging and discharging the reactor with this 
spherical fuel is advantageous in many respects. 

High density fuels made either from uranium 
monocarbide or a UC-U cermet have been pre- 
pared at the Saclay Research Laboratories of the 
French Atomic Energy Commission. The cermet 
was fabricated by hot-pressing mixtures of uranium 
powder and graphite in suitable proportions. Com- 
pacting was done at a pressure of 25 tsi, at 1000°C, 
for 3 hr. 

A similar type of fuel was developed in the USSR, 
not by compacting powder mixtures, but by infil- 
tration of uranium within a compacted skeleton of 
uranium monocarbide. It seems that powder metal- 
lurgy in the USSR plays a very important role 
and is highly developed. At the official exhibition in 
Geneva, the USSR showed fuel elements consisting 
of U-Mo alloy powder particles dispersed in a matrix 
of magnesium powder and densified by compacting 
and sintering. This kind of fuel is used for the first 
Russian reactor, now in operation for more than 
three years. I was impressed to learn that more theo- 
retical work in powder metallurgy has been done in 
the USSR than in many other countries. 


Dispersion-type elements 


The most common cermet mixtures applied in 
reactor technology use uranium dioxide particles as 
dispersants in a matrix of either aluminum, zircon- 
ium, or stainless steel. Pioneering work in this 
type of long-life fuel elements has been done by 
J. E. Cunningham and R. J. Beaver”. The problem 
of inserting a brittle material in a ductile matrix 
can be solved only by powder metallurgy. It is im- 
portant that the dispersed particles are not too 
fine with respect to the metallic matrix; otherwise 
they may form a continuous matrix, possibly impair- 
ing the mechanical properties of the mixture and 
having undesirable effects with respect to the dis- 


tribution of fission gases produced during reactor 


operation 

P. Murray and J. Williams” discussed their work 
on the insertion of plutonium compound particles 
in a metallic matrix as a good possibility for the 
future. Whereas matrix materials for uranium di- 
oxide are limited to a few metals of rather low- 
neutron absorption cross section, this limitation does 
not necessarily apply to plutonium-compound-con- 
taining cermet fuels. Therefore, matrix materials 
such as Mo, V, Cb, Ni, or even Ti, or Ta may be 
taken into consideration. C. J. Turner and L. R. 
Williams”, have studied the powder metallurgy of 
some of these matrix materials, particularly that of 
Cb and Ta. 

R. Kiyoura and T. Sata” have investigated an- 
other kind of dispersion-type element, made by dis- 
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persing uranium-silicide in molybdenum disilicide. 
The uranium silicides were made by sintering a 
mixture of uranium and silicon powders. Both ma- 
terials—the USi and the MoSi,—were then mixed 
in powder form, compacted and sintered at 1450°C, 
or hot compacted at 1300°C. Interesting types of fuel 
were also obtained by the solid solution of uranium 
dioxide and thorium dioxide in powder form, to be 
used as a dispersant. I should like to call to your 
attention that this solid solution of the two oxides 
was originally developed at Argonne National Lab- 
oratory, and has proved to be an excellent fuel. 
The insertion of this solid solution into various 
matrices offers many possibilities. Beryllium oxide 
has been considered by the Japanese engineers to 
be a good matrix material, because a fuel element 
of this type combines fuel and moderator in one 
single unit. 

One of the most interesting fuel elements was ex- 
hibited by the British in Geneva: a tubular element 
consisting of uranium fuel clad with beryllium. 
This beryllium, made at Aldermaston, England, and 
described by T. R. Barrett, G. C. Ellis and R. A. 
Knight’ is, at least as far as I know, the first beryl- 
lium which is ductile in all three directions of the 
crystallographic axis. It is also a powder metallurgy 
product; not made, however, by pressing the pow- 
ders, but by sintering loose beryllium particles 
close to the melting temperature of the material— 
a technique which also permits fabrication of tubes 
for fuel cladding purposes. The material has out- 
standing physical properties. 


Summary 

I definitely have not given a complete review of 
the Geneva discussions on powder metallurgy in 
nuclear engineering, but it will indicate the im- 
portance and growth of powder metallurgy in this 
latest field of engineering. There is a general trend 
to apply powder metallurgy more and more for the 
production of nuclear materials and components, 
and we believe strongly that powder metallurgy will 
continue and will grow in this field. 

The only difficulty that I can see is the safe handl- 
ing of these powders, some of which may be toxic, 
or pyrophoric, or dangerous on account of radiation. 
However, we have learned today to operate with 
these sometimes dangerous powders, and have de- 
veloped the proper equipment to guarantee prac- 
tically safe handling of these materials. 
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f particular interest to titanium-minded metal- 
lurgists attending the 1958 Fall Meeting in 
Cleveland, was a panel discussion on new alloys—a 
part of the annual Titanium Symposium. Robert I. 
Jaffee, chief of the nonferrous physical metallurgy 
div., Battelle Memorial Institute, acted as moderator. 

Members of the panel were: 

Lee S. Busch, director of research, Mallory-Sharon 
Titanium Corp.; 

Walter L. Finlay, director of research, steel, titan- 
ium, and special alloys, Crucible Steel Co. of 
America; 

Schuyler A. Herres, technical director, Titanium 
Metals Corp. of America; 

Harold Margolin, associate professor of metallur- 
gical engineering, New York University; 

Thomas E. Perry, titanium metallurgist, Central 
Alloys District, Republic Steel Corp. 


Background Information 


Dr. Jaffee: One of the first targets set by the 
aircraft industry for titanium alloys was a sheet 
alloy with 150,000 psi yield strength and 10 pct 
elongation. In 1948 this target appeared distant 
indeed, and the first samples offered were annealed 
alpha-beta alloys of the 110,000 psi yield strength 
class, which were the easiest to produce. They 
included Ti-8Mn, Ti-1.8Fe-3Cr, Ti-4Al-4Mn, and Ti- 
2Fe-2Cr-2Mo. 

These alloys had been used for aircraft sheet and 
forgings for several years when the problem of 
hydrogen embrittlement arose in non-aluminum- 
containing alpha-beta alloys. The Ti-6AIl-4V alpha- 
beta alloy was under development for ordnance 
applications. This and the Ti-4Al-4Mn answered 
the hydrogen problem for jet engine forgings. 
Since that time, the Ti-6Al-4V alloy has been one 
of the mainstays of the titanium industry. 

Although airframes were made with riveted 
construction, there was a need for a _ weldable 
alloy in jet engine casings and shrouds. An alpha 
titanium alloy was the logical answer to this 
problem because it would not undergo transforma- 


What are the new titanium alloys that are increasing the role of this metal 
in the missile age? Recent developments that are responsible for a renewed 
emphasis on titanium were discussed at the Titanium Symposium of the 
1958 Fall Meeting of The Metallurgical Society. 


A Summary of the Panel on New Alloys, 


Titanium Symposium of the 1958 Fall Meeting 


tion hardening, and would produce a ductile joint 
in the as-welded condition. 

A shortcoming of the Ti-Al alloys was that if 
the alumium content was much higher than 5 pct, 
workability was diminished. One early solution to 
this problem was the Ti-5A1-2.5Sn alloy; the 
aluminum content was limited to 5 pct and the 
auxiliary, alpha-soluble tin increased strength with 
equivalent ductility and fabricability. 

New target strengths for sheet: Annealed formable 
sheet of the 110,000 psi class alloys, for riveted 
construction in aircraft, was being threatened by 
precipitation-hardened steels of 190,000 psi strength. 
The titanium industry needed a sheet alloy which 
could be formed in the solution-treated condition 
and aged at high strength for application in riveted 
construction of airframes. Targets of 160,000 psi 
yield strength, 180,000 psi ultimate strength, and 
10 pet elongation were set. You will note that the 
target strengths were creeping upwards. The result 
was the selection of the US Dept. of Defense Sheet 
Rolling Program alloys which now are in the phase 
III evaluation. 

A number of problems arose with the production 
of the Sheet Rolling Program alloys in connection 
with the manufacturing of large, flat solution- 
treated sheets. In order to attain the solution- 
treated condition, it was necessary to cool the sheets 
rapidly. Accomplishing this with 36x96 sheets from 
temperatures of 1400° to 1700°F was no mean task. 
Remarkable progress has been made toward the 
solution of this problem; however, it still remains 
a difficult task. 

Perhaps a better solution to the problem is an 
alloy which is so sluggish in its reaction kinetics, 
that it may be air- or furnace-cooled from the 
solution temperature. This, of course, greatly sim- 
plifies the problem of heat treatment. One such 
alloy is Ti-13V-11Cr-3Al, the B120VCA alloy. 
However, associated with the advantage in slow 
reaction kinetics for solution treatment, is a cor- 
responding disadvantage in long-aging cycles 
needed to develop good strength. 
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The jet engine industry, meanwhile, was busy 
designing Mach 3 engines, which run much hotter 
than the Mach 1 to 2 enignes, for which the Ti-6AlI- 
4V was suitable. Alloys which would be satisfactory 
for airframes in Mach 3 aircraft would be unsatis- 
factory for engines. The latter run about 400°F 
hotter than the foresection and about 200°F hotter 
than the aft section, which is heated by the engine 
as well as aerodynamically. 

Pratt and Whitney Aircraft Co. set some really 
tough targets (tough at the time they were set, at 
any rate). They required that the alloy undergo 
less than 0.2 pet plastic deformation in 150 hr, at 
800°F and 65,000 psi, and at 1000°F and 25,000 psi. 
The problem was particularly difficult, not only 
from the viewpoint of developing alloys which 
would attain sufficient creep strength under these 
arduous conditions, but because at about this time 
a new problem reared its head—that of instability 
in highly alloyed alpha bases, such as Ti-Al with 
aluminum contents of 7 pet or more. Since highly 
alloyed alpha bases offer practically the only solu- 
tion to the problem, you see that the alloy developers 
here were in a nice little box. 

Everything was progressing nicely for the tita- 
nium industry, and many of the existing and new 
alloys had good prospects, indeed, when suddenly 
a new situation arose—the missile age. This was an 
acute situation for the industry, because accom- 
panying the advent of missiles were cancellations 
and stretch-outs of manned aircraft production, 
the backbone of the titanium market. There were 
two parts to the missile problem: one technical, the 
other educational. On the educational side, whereas 
the missile men were used to steel and magnesium, 
they had to be educated with respect to titanium 
capabilities. For the titanium people, education was 
necessary with respect to problems that might be 
encountered with titanium alloys. 

At the present time, titanium seems to fit into 
the missile picture in a number of ways. If the 
prospects for some of the new alloys bear out, con- 
siderably increased markets should result. The 
missile applicaton demanded weldable alloys in 
many places including pressure bottles, solid fuel 
containers, and fuselage sections. The pressure 
bottles had to be both strong and ductile at liquidi- 
fied gas temperatures, down to —320°F for liquid 
oxygen and to —420°F for liquid hydrogen. 

The old standby, Ti-6Al-4V, made the first dent 
in the pressure bottle application. Some of the new 
alpha-type alloys with better low-temperature 
toughness should come to the front for more difficult 
applications. The solid fuel cans required even 
greater strength; well over 200,000 psi was required 
in order to compete with steels. The beta VCA 
alloy has made a significant impact on the solid 
fuel can problem. Strengths approaching 250,000 
psi have been developed in this alloy in forms 
intended for this application. 

Large missiles and heavy bombers have provided 
new problems and opportunities for titanium 
alloys. Sandwich construction is one of the chief 
methods of construction used on such vehicles. At 
present, stainless steel is the principal sandwich 
production material. Titanium alloys capable of 
being rolled to foil gages for the core, and rolled to 
thin-gage, large-sheet sections for cover sheets. are 
required. The heat-treatment kinetics of such alloys 
should be such that they are capable of being either 
welded or brazed into honeycomb panel sections 
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and still develop high strength on subsequent aging. 
Some of the older alloys, such as RS-140, and some 
of the newer alloys, such as VCA, look promising 
for this application. 


Titanium Metals Corp. 


Dr. Herres: To the relief of those of us who listen 
to panel discussions, midnight has long past for 
titanium as the Cinderella metal. But whether you 
want titanium plain or fancy, it is still a problem 
when related to future products. In the expensive 
forms for aircraft and missile requirements, tita- 
nium alloy potentialities are as dazzling as ever. 
The capabilities of known alloy systems are strained 
to the utmost, and the cost is high. 

In plainer form, and in volume production for the 
multitude of applications involving desirable 
strength: weight ratios, good corrosion resistance, 
formable and weidable titanium will compete in 
cost with other base materials for a broad market. 

Titanium Metals’ research and development pro- 
gram budgeted at well over one million dollars 
annually—exclusive of plant process improvements 
and control—is divided into five parts. Four divi- 
sions—located at Henderson, Nev.—include Process 
Research (ore through sponge), Melting Research, 
Development Engineering, and Basic Metallurgy 
Research. 

The fifth division is located at TMCA’s plant in 
Toronto, Ohio. The function of this Product Devel- 
opment division is to develop mill processing pro- 
cedures for new alloys and new products. 

Approximately one half of our effort is devoted to 
producing better and cheaper metal and ingots; 
the other half reaches toward developing new and 
improved alloys and products, which tend to be 
more expensive to make. 

Among the new alloys in the development stage, 
those which appear most important to me at the 
moment are heat-treated, high-strength sheet. The 
Ti-4Al-3Mo-1V alloy was covered in earlier dis- 
cussions. 

The Ti-6A1-4V alloy, which we accepted in the 
US Dept. of Defense contract as a commercial 
product, cannot be regarded as a new alloy. How- 
ever, its divergent new uses are far different from 
those for which it was originally designed. The 6-4 
alloy has a practical combination of weldability, 
heat-treating ability up to 160,000 psi (depending 
on section size), and formability that makes it 
attractive for propellent containers, heat-treated 
forgings, and cryogenic bottles (to a min of—320°F) 
These properties, combined with extensive pro- 
duction experience, create difficult competition for 
less extensively developed new alloys. 

For heat-treated bar, forging, and fastener ap- 
plications, the Ti-4Al-4Mo-4V alloy is in the cus- 
tomer evaluation stage. In fastener stock its strength 
is approximately 200,000 psi tensile and over 110,000 
psi shear. It has been roll-threaded commercially 
in this condition. The alloy is remarkable for its 
notch resistance (240,000 psi for tensile unnotched 
strength of 200,000 psi). 

For elevated temperature applications, the 8Al- 
1Mo-1V alloy has been found to have usable strength 
at 800° to 1000°F without instability. At 150 hr, 
800°F and 65,000 psi or 1000°F and 25,000 psi, creep 
deformations are approximately 0.2 pct. Billet, bar, 
and sheet products are being produced in develop- 
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ment quantities. Welding test results indicate better 
weld-bend ductility than found in Ti-6AI-4V. 

Other applications: Ti-6Al-4Zr-1V alloy is being 
developed for applications requiring good room- 
temperature strength with optimum welding and 
forming characteristics. This Al-Zr addition ap- 
proaches the maximum for elevated temperature 
strength combined with stability and reasonable 
formability. 

A major effort is being devoted to commercializa- 
tion of strip-rolling techniques for Ti-6Al-4V, 
Ti-4Al-3Mo-1V, and other alloys in widths up to 
48 in., and in gages down to 0.010 in. 

The all-beta alloy, long discarded because of 
elevated temperature instability, is receiving new 
life for missile applications. In the aged condition, 
its strength: weight properties are the most attrac- 
tive that we have seen. Experience is still limited 
as to practical applications. 


Crucible Steel Co. 

Dr. Finlay: Crucible believes that the best in 
titanium is yet to come. Cost is decreasing and 
quality is improving. New alloys are coming in and 
new combinations of properties are being realized. 

For example, Crucible has been working for 
some years with what we refer to as a super alpha 
titanium alloy—an alpha Ti-Al base with some- 
thing added to give it higher strength. Almost two 
years ago we tentatively announced a new super 
alpha titanium alloy, Rem-Crucible 900, containing 
4Al-12Zr. This was the first Ti-Al-Zr-base alloy, 
and we believe this family will provide the lightest 
strength:weight alloys for service in the 800° to 
1200°F region. 

For missile applications and for long service up 
to 600°F, the first beta titanium alloy, Crucible 
B120VCA, offers the highest strength:weight ratio 
of any structural sheet. It is the most versatile 
titanium base alioy yet developed. It has both the 
highest strength and the best formability of any 
titanium base material. 

B120VCA is ductile-weldable, cold-heatable, and 
has very great and deep hardenability which 
appears to fit it for high strength:weight honey- 
comb foil at one extreme, and for very thick heat- 
treated sections at the other extreme. These out- 
standing properties result from the highly alloyed, 
beta titanium structure that contains 134%V-11Cr- 
3Al. 


New York University 


Dr. Margolin: Our alloy work at NYU has been 
concerned with two rather different areas based 
on the requirements of the sponsoring agency. 
For Watertown Arsenal, our objective has been 
to develop alloys with desirable yield strengths 
and impact energies. 

Initially, the requirements were to develop 
transverse 0.1 pct yield strengths of 150,000 psi or 
better, with charpy impact energy absorption of 
10 ft/lb or better at —40°F and appropriate tensile 
ductility. The 0.1 pct yield strength requirement 
was subsequently raised to a 0.1 pet yield strength 
of 170,000 psi. At present there is interest in 0.1 pet 
yield strength of about 200,000 psi. The section 
sizes used for tests are 5/8 in. plate, 5 in. diam. 

Our point of departure for alloy improvement 
was the Ti-6Al-4V composition. We have found 
Sn, Fe, Cu, Mo, and Zr of value in achieving higher 


strengths. As one would expect, the amounts of the 
various alloying agents that produce desirable 
properties are not the same, and aside from alu- 
minum, the largest alloying addition which can be 
made is zirconium. 

For \2 in. sq rod, the optimum properties achieved 
are a 0.1 pct yield strength of 185,000 to 190,000 
psi, tensile strength of 190,000 to 200,000 psi, re- 
duction of area of about 34 pct, and impact energies 
in the range of 10.8 to 12 pct. (Best properties 
achieved are 196,000 psi, 0.1 pct yield strength, 
212,000 psi tensile strength, 7.5 pct elongation, 24 
pet reduction area, and 8.8 ft/lb.) 

In transverse properties and section sizes of 1 to 
1.5 in., Watertown Arsenal has achieved strengths 
of 10,000 psi lower, at about the same or somewhat 
lower ductilities. These properties are, perhaps, not 
unusual today, but the results indicate that 0.1 pct 
yield strengths of 200,000 psi with adequate ductili- 
ties are attainable. 

For the Wright Field Materials Laboratory, our 
problem was concerned first with the demonstra- 
tion as to whether or not a + compound active 
eutectoid alloys possessed desirable properties and, 
if so, how to improve them. We have obtained data 
which indicated that a + compound alloys do possess 
good potential for elevated temperature applica- 
tions. The alloys explored are basically Ti-Cu-Al 
alloys to which Sn and Zr have been added. In 
general, Al is the most effective strengthener, 
followed by Cu, Zr, and Sn. Similar properties can 
be obtained in a number of instances by appropriate 
variations in compositions. 

The strongest alloy which we have tested so far 
is the Ti-6Cu-7A1-6Zr which, at room temperature, 
has a tensile strength of 165,000 psi, 9.8 pct elonga- 
tion, and 15 pet reduction area. At 1200°F the alloy 
has a short-time tensile strengta of 109,000 psi and 
is quite ductile. At 1000°F and 60,000 psi, the alloy 
shows a rupture life of 345 hr, and at 50,000 psi the 
rupture life is 695 hr. The principle problem with 
this alloy and similar alloys is stability, although 
for some missile applications this may not be a 
problem. 

Our approach toward reduction of instability is 
twofold—to back off some in composition, and to 
try heat treatments which we believe might be 
conducive to increased stability. 

Insofar as future trends are concerned, I think 
that on the basis of present knowledge, the use of 
aluminum to raise elevated temperature probably 
will be under 15 pet Al and may be extended above 
8 pct. Probably we will see more attempts at work- 
ing in the beta field, and as we learn more about 
the interrelation of mechanical working and heat 
treatment, we will extend the ranges of heat- 
treated properties of beta-containing alloys above 
220,000 to 250,000 psi. 


Republic Steel Corp. 


Mr. Perry: About two years ago, Republic Steel 
Corp. began to develop a high strength, heat- 
treatable titanium alloy sheet with properties 
generally consistent with the aims of the US Dept. 
of Defense Sheet Rolling Program. The program 
had a two-fold purpose: that of developing a suit- 
able alloy system, and the development of suitable 
full-scale process equipment to permit the produc- 
tion of such alloy in flat, solution-treated, or 
solution-treated and aged conditions. 
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The alloy selected was designated RS-140. It 
contains 5 pet Al, 2.75 pet Cr, and 1.25 Fe. A low 
interstitial alloy, R-140 has the advantage of low 


olution-treating temperatures (between 1400° and 
1500°F). Solution treating in this range, followed 
by aging for 6 hr at 900°F, results in tensile 


strengths of between 180,000 and 200,000 psi, with 
good remaining ductility. 

The density of RS-140 is approximately the same 
as that of commercially pure titanium. It may be 
formed in the solution-treated condition and sub- 
sequently aged to the high tensile strengths re- 
quired in service. There are good indications that 
this alloy may be warm formed in the solution- 
treated condition at temperatures as high as 1050°F, 
and subsequently aged at 900°F to attain high 
strength properties. In the event that the warm- 
forming technique is used, it is desirable to solution 
treat the material from somewhat higher tempera- 
tures 

Where long times and high stress are involved 
in end usage of this grade, the upper service 
temperature is about 700°F, based on_ stability 
testing. In gages heavier than approximately 0.090 
in., RS-140 has usable fusion weldability. 

Processing equipment: Maintaining good flatness 
and solving the problem of solution-treating sheet 
material was simplified due to the relatively low 


solution-treating temperatures of RS-140. The 
mechanical processing equipment ultimately 
evolved, consists of a continuous electric roller- 


hearth furnace with five-zone temperature control 
that solution treats the sheets continuously and 
delivers them to a roller quenching type of appara- 
tus. Numerous destructive tests of full size sheets 
show that this equipment can deliver solution- 
treated sheet that is uniform in heat treatment 
response and that has good flatness. 

The aging apparatus, which will accommodate 
sheet up to 48 in. wide and 120 in. long, consists of 
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electrically-heated cast-iron platens which permit 
very close temperature control over the entire 
surface of the sheet during the aging process. We 
have found that during aging, the heavy (6 ton) 
platens actually improve the flatness of the solution- 
treated sheet significantly. 

The basic processing equipment has been eval- 
uated successfully using other heat-treatable alloys 
such as the 4Al-3Mo-1V alloy, the 16V-2.5AlI alloy, 
and the 6AI1-4V alloy. 

Other alloys: We have been examining the 
mechanical properties combinations which can be 
developed on continuously cold-rolled titanium 
alloy strip of the 6Al-4V analysis, as well as the 
RS-140, 5Al-2.75Cr-1.25Fe analysis. These grades 
can be produced on cold strip mills with or without 
significant directionality, depending on the process- 
ing. While minimum directionality is desired for 
many applications, it is also possible to develop 
high yield and tensile values in one direction for 
special applications where high strength in one 
direction of loading is required. 

We are extremely interested in the all-beta type 
titanium alloys, and we have evaluation programs 
under way. We also have several active programs 
in which high aluminum alloys in the range of 7 
to 10 pct are being investigated, together with 
smaller additions of beta stabilizers for applications 
where higher hot strength is required. 


Mallory-Sharon 


Mr. Busch: As indicated by the previous speakers, 
it is evident that titanium alloys are available today 
ranging from 30,000 to 200,000 psi yield strength. 
This range of strengths is available in approxi- 
mately 20,000 psi increments. 

My colleagues discussed, in general, materials 
that have high strengths at room temperature. 
Another field, that of high-temperature alloys, has 
utilized large quantities of titanium in the past, 
and indications show capabilities of greater de- 
velopment. 

In the past, titanium has been limited to use in 
thermal environments up to about 750°F. Today 
titanium alloys are being used at temperatures up 
to about 850°F. A recent article published in the 
JOURNAL OF METALS, indicates the ultimate capabil- 
ity of titanium to be in the range of 1600°F.’ 

A new alloy recently developed by Mallory- 
Sharon’s research laboratory, containing 8 pct Al, 
8 pet Zr, and 1 pet Ta plus Co—the balance being 
titanium—has indicated a capability for long-time 
use at 1100°F and excellent short-time properties at 
temperatures up to 1600°F. The MST 881 alloy is 
presently available in bar and billet form, but sheet 
is considered to be experimental. It is interesting to 
note (Fig. 1) that MST 881 has as good strength at 
1600°F as A286, and when compared with the latter 
on a strength: density basis, is about 25 pct superior 
at 1600°F. 

In summary, then, a new titanium base alloy has 
been introduced which shows great promise in 
extending the use of titanium at high temperatures, 
and is competitive with those materials commonly 
thought of in design considerations for supersonic 
aircraft and engines. 


*C. M. Brown and R. W. Fountain: New Metals Face the Future, 
JOURNAL oF Mertats, vol. 10, May 1958, pp. 330 to 334. 
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DEFINING 
URANIUM CONCENTRATE 
SPECIFICATIONS 


Effective growth of the uranium industry made it imperative that ura- 
nium-concentrate specifications be defined and continuously reviewed. 
This the AEC has accomplished through its Joint Committee on Uranium 
Concentrate Specifications and successor committees. 


by J. R. Nelli, W. C. Manser, and D. S. Arnold 


uranium concentrate were established on the product purity are those which have high neutron 
basis of individual negotiation with producers. But cross-sections, and those which affect the metallur- 
as the supply and demand for uranium concentrate gical properties of the uranium metal. An analysis 
increased, the US Atomic Energy Commission recog- of uranium metal product purity, showing impurity 
nized the problems associated with individually concentrations and thermal neutron cross-sections 
negotiated specifications. Consequently, the Joint of these concentrations, is shown in Table I. 
Committee on Uranium Concentrate Specifications 
was established in 1953. Its function was: 1) to 
study the relationship between uranium concen- 
trate specifications, uranium recovery, and overall The desired specifications determined on a dry weight basis for 


anium conce ite a 
cost to the AEC and, 2) to recommend specifications Min Us0s content of 75.00 pct 


for uranium concentrate procurement. , Max V.O; content of 2.00 pet of the UsOx content 
‘ Max PO, content shall not exceed the sum of 1.31 times the 


In the summer of 1955, the Committee formally iron (Fe) content plus 2.00 pct of the UsO, content provided 
“2 that the total phosphate content shall not exceed 6.00 pct of 
recommended a set of specifications which were —h—« gti 
> , ac acie = Max Mo content of 0.60 pet of the content 
tracts (see Box). Max halogens, Ci, Br, and I, expressed as Cl, content of 
0.10 pet of the content 

© ( ee aisoO CO as Max F content of 0.10 pet of the Ox content 
The Committ lso compiled basic information lax F U 
Max Cu content of 1.70 pct of the UsOx« content 
for use by the AEC in pricing sub-grade concen- of of — 
trates (through price reduction schedules) in order Max COs content of 1.00 pet of the UsOx content 
Max SO, content of 15.00 pet of the UsQO« content, provided 
to facilitate procurement of uranium concentrates that multiplying 100 times the ratio of Ca content to UsOs 
. ae content t 100 times the ratio of SO, content to UygO« con 
in time of scarcity. This information provided a rea- a th it does the number 
sonable basis for purchasing concentrates which, al & ad 
though not up to specification standards, could be is received basis and drying at 110°C 


l aniun oncentrate shal ass through a s 
used to augment supplies of specification grade con- 


A’ recently as six years ago, specifications fo1 duct supplied by the refinery. Elements affecting 


Uranium Concentrate Specifications® 


centrates. : The following changes have been made to the above table 
In the preface of its report, the Committee ob- 5 Max B content = 0.20 pet 
served that the revision of specifications would have 9. Max As content = 2.0 pet 
refining technology, changes in the character of ore _ revised to 10 pet of the U Os content. ; 
All uranium concentrate shall pass rough a screen 
deposits, and changes in the end use requirements a %-in. opening 
con o 5 pet o 1e J content 
of the purified uranium. J ‘ ac id to be 60.10 
Nuclear reactor design and operating require- of the U:0. content as determined by the standard 
method usec ry 1e for making a such determina 
ments dictate the specifications for the uranium pro- tions for insolubility of UO. 
Specifications on Th, rare earths, and organic content are still 
J. R. NELLIL W. C. MANSER, and D S. ARNOLD are with the under consideration pending results of current process deve!- 
Kr 4 oe ~ Pg opment and evaluation work. All measurements are listed in 
National Lead Co. of Ohio at Fernald, Ohio. This paper was pre- dry wt.—ED 


sented at the 1958 AIME Annual Meeting. 
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Effects of impurities upon metallurgical structure 
and mechanical properties of uranium have been 
discussed by various authors. Foote points out the 
effect of small amounts of impurities on a uranium 
by formation of a second phase, due to limited solu- 
bility in uranium.’ The same paper reports examples 
of the effects of C, N, Si, Fe, and Ta impurities. 

Gardner and Riches further describe the effects 
of hydrides and carbides on uranium physical metal- 
lurgy, which manifest themselves in changes in 
tensile ductility of the metal.’ Zegler and Chiswik 
have investigated the effects of Mo, Si, Al, Ti, V, and 
Cb on the dimensional stability of uranium during 
thermal cycling. 

It has been determined that regulation of uran- 
ium purity is required to control grain size; this, in 
turn, provides the necessary ductility and tensile 
strength for fabrication of the fuel elements, as well 
as the thermal and irradiation stability needed 
for suitable reactor performance. 


Purification limitations 


Impurities, including those mentioned above, 
are found in the aqueous uranyl nitrate (the final 
product of the solvent extraction process from 
which the uranium metal is ultimately produced) as 
a result of co-extraction with uranium by the or- 
ganic solvent, and aqueous or solid entrainment in 
the organic extract. Although the tributyl phos- 
phate is highly selective with respect to uranyl] ni- 
trate, it does extract other metal nitrates, as indi- 
cated by extraction distribution coefficients in Table 
II, and by the solubility data of Wendlandt and 
Bryant.‘ 

The distribution coefficient, E",, is defined as the 
ratio of the metal concentration (in mol per mol) 
in the organic phase to that in the aqueous phase at 
equilibrium, It is a function of the metal, tributyl 
phosphate (TBP), and HNO, concentrations. Al- 
though some of the distribution coefficients listed 
are high, they are all greatly reduced in the pre- 
sence of uranium, and they attain considerably 
lower values when the TBP is saturated with res- 
pect to uranium 

The data listed in Table II have been collected 
from numerous sources and represent a variety of 
conditions which are not directly comparable. The 
figures shown in the table have been tabulated to 
indicate an order of magnitude effect of the extrac- 
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tion tendencies of different impurities. Considerable 
experimental work would be required to quantita- 
tively evaluate the interaction effects of different 
possible permutations and combinations of impuri- 
ties and their concentrations. For practical reasons, 
therefore, the uranium concentrate specifications 
must be based upon specific current or projected 
uranium ore and concentrate compositions. 

Solid entrainment in the organic extract, such as 
finely divided siliceous or carbonaceous materials, 
may cause contamination by adsorbing many metal 
ions which are then re-extracted into the final 
aqueous product. Aqueous entrainment in the or- 
ganic extract results when clean separation of the 
two phases is hindered by the presence of finely di- 
vided particles and surfactants. 


Physical operation problems 

Various aspects of refinery physical operation 
must be considered as factors in determining yellow 
cake specifications. 

Scale deposition results in the reduction of column 
efficiency and throughput and in the plugging of 
valves and lines. Scale formation necessitates costly 
shutdowns for cleanout. Materials which may con- 
tribute to excessive scaling include calcium, lead, 
sulfate, silica, vanadate, phosphate, barium, and 
radium. The decrease in calcium sulfate and lead 
sulfate solubility as the uranyl nitrate concentra- 
tion is reduced—such as occurs in countercurrent 
extraction—is shown in reference 5.° Data of this 
type provide a basis for specifications on these 
materials to avoid extraction system scaling and 
plugging. Arnold and Ryle have reported further 
observations on scaling from these materials alone 
and in conjunction with insoluble silica.’ 

Emulsification in the extraction columns causes 
uranium losses, product contamination, and loss of 
production capacity. Emulsification may result from 
introduction of materials which modify the physical 
properties of the two-phase, aqueous-organic sys- 
tem. Soluble silica, finely divided silica or carbon 
particles, surface active agents such as flocculants, 
and other organic compounds will contribute to 
emulsification and ultimately to disruption of re- 
finery operation. These materials must be controlled 
by specification of the uranium concentrates or by 
special feed-preparation processing steps at the re- 
finery. 

Corrosion: Recovery of nitric acid from extrac- 
tion-column raffinates is necessary from the point 
of view of production costs and public health regu- 
lations. Corrosion of fluorides and chlorides in ni- 
tric acid, is severe at elevated temperatures, there- 
by constituting a major problem in nitric acid re- 
covery operations in the refinery. The necessity for 
maintaining close control on these halides in uran- 
ium concentrates has been detailed in previous 
papers.”” 

To avoid expensive installation and operation of 
filtration equipment for clarification of the extraction 
feed, the digested feed is pumped as a slurry to the 
extraction columns and then to the raffinate pro- 
cessing facilities.. Although the slurries are pumped 
through recycle loops to minimize settling, line 
plugging and pump and valve erosion may result 
from excessive solids. Problems in slurry handling 
require control of uranium assay, insoluble solids 
content, and particle size. 

Presence of significant quantities of reducing 
agents, such as sulfides in the uranium concentrate, 
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will lead to excessive fuming and foaming through 
increased generation of nitrogen oxide gases during 
digestion. The presence of carbonates in the feeds 
gives the same effect by CO, evolution. Carbonates 
in the feeds limit the refinery digestion capacity, 
represent operational safety hazards, and increase 
the nitric acid consumption in the digestion step. 

Health and Safety aspects of refinery operation 
require control of the amount of arsenic, organics, 
and other materials that generate highly toxic 
gases or explosive compounds by reaction with acid 
and/or uranyl nitrate. The presence of radium re- 
quires special handling procedures for the protection 
of operating personne! and for waste disposal. 


Uranium recovery efficiency 

Uranium recovery in digestion and extraction de- 
mands certain specification considerations. Nitric- 
acid-insoluble uranium may result from concentrate 
calcination at excessively high temperatures or from 
the presence of specific nitric-acid-insoluble uran- 
ium compounds, such as uranous phosphate and 
uranium tetrafluoride. 

Uranium recovery in the extraction step is re- 
duced by excessive amounts of sulfates, phosphates, 
vanadates, molybdates and arsenates.””’*’” The an- 
ions in the aqueous phase form uranyl complexes 
which are not extracted into the organic solvent. 
At higher concentrates, these complexes precipitate 
from the aqueous solution, thereby further reduc- 
ing uranium recovery. The presence of copper aids 
the formation of some precipitates. It is possible to 
minimize uranium losses through these conditions 
by use of higher acidity, salting agents, or sacrifi- 
cial cations (salting agents). However, in each case 
a significant economic and production burden on 
the refineries is involved. 

Uranium recovery may be reduced further by 
the presence of surfactants that are capable of de- 
creasing the rate’ of mass transfer of uranium.” The 
result may be loss of uranium in the aqueous phase 
during the extractive step or incomplete stripping 
of the organic phase in the re-extraction step. 


Conclusions 


The factors determining uranium concentrate 
specifications are found in mining, milling, refin- 
ing, fabricating, and nuclear reactor design, and in 
operating problems and_ capabilities. Effective 
growth of the uranium industry has made it impera- 
tive that specifications be defined in such a manner 


Table |. Typical Analysis of Normal Uranium Metal for Use in the 
US AEC Civilian Application Program 


Thermal 
Impurity Neutron 
Impurity Concentration® Cross Section? 


B 0.25 42.044 
Fe 150 0.027 
Mn 25 0.145 
N 100 0.081 
Ni 100 0.047 
Mg 25 0.0016 
Cc 150-750 0.00016 
cl 30 0.537 
Si 65 0.003 
Cr 65 0.034 
Ag 1 0.346 
Cd 0.20 13.668 


Parts by wt impurity per million parts of U 
*Sq cm per g of impurity in uranium matrix 


as to achieve the most economical operation of the 
entire production chain from the mine to the re- 
actor. 

Continuous review of the specifications must be 
maintained in order to provide a sound basis for 
adjustment when the opportunity presents itself. 
To achieve this end, the AEC has established a com- 
mittee as a successor to the Joint Committee on 
Uranium Concentrate Specifications, assigning to 
it the task of continually investigating technical and 
economic factors of uranium procurement. 

Major progress has been achieved in all areas of 
the uranium industry in a few short years, and 
further progress is to be expected. 
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Table II. Distribution Coefficients of Metal Nitrates 


Metal Dist 
Cone TBP,’ Temp, HNO. Coef 
Metal G per L Pet °c N E°, 
U ‘ViI> 10.0 40 3.0 7.2 
0.56 50 3.0 47.0 
Th ‘IvV) 12.6 30 30 3.0 17 
10.0 100 0.0 0.44 
37.0 50 3.0 1.5 
Fe (Ill) 10.0 20 2.0 0.014 
1.7 60 3.0 0.025 
Bi 10.0 20 2.0 0.013 
La 10.0 100 0.0 0.30 
1.0 48 25 5.2 0.019 
Cu 10.0 20 2.0 0.0094 
Cd 10.0 20 2.0 0.0081 
Zr 10.0 20 2.0 0.0089 
Co 10.0 20 2.0 0.0084 
Pb 10.0 20 2.0 0.0051 
Rare Earths 11.4 60 3.0 0.065 
Gd 10.0 100 0.0 o4 
1.33 100 24 13.1 6.9 
Dy 10.0 100 0.0 04 


Ce 10.0 100 0.0 0.31 
1.0 48 0.056 
Pr 10.0 100 0.0 0.31 
1.0 48 25 2.57 0.116 
Eu 1.0 48 20-23 2.00 0.136 
Sm 10.0 100 0.0 0.36 
18.5 60 25 12.3 0.55 
3.61 100 24 12.8 2.13 
Nd 10.0 100 0.0 0.38 
19.7 60 25 12.3 0.17 
Zr 37.0 30 4.92 0.21 
Tracer 30 Rm 2.0 0.042 
Tracer 30 Rm 49 0.301 
22.0 60 Rm ~3.0 0.49 
Hf ~300.0 60 Rm ~3.0 0.038 
Ti 2.0 50 3.0 < 0.003 


‘ Concentration in the aqueous phase at equilibrium 
* Tributy! phosphate 
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To an industrial customer or a utility executive considering an atomic 
power plant today, the natural question is, “What is it going to cost me to 


IS ATOMIC POWER 


buy and operate the plant, and how is this cost picture likely to change 
during its normal life expectancy?” This article attempts to answer these 


questions. 


Summarized from a paper by W. L. Budge 


T present many concepts of nuclear power 
plants are under consideration. Some have 
been built and operated, others are in the process 
of being built, and some are just rough possibilities. 
A prime consideration in all of them is the cost at 
which they are capable of producing electrical 
power 
In order to review the cost trend of atomic power 
plants, three main cost factors must be considered: 
capital operation end maintenance costs, 
and fuel costs. 


costs, 


Three cost factors 

The average capital cost of a present day fossil 
fuel plant is about $165 per kw of generating 
capacity. Some large plants have been built for 
considerably less. Today in comparison, atomic 
plants are much more expensive. For example, the 
capital costs estimates for such plants as the Consol- 
idated Edison Station at Indian Point, N. Y. and 
the Yankee Atomic Electric plant near Rowe, Mass., 
are in the range of $300 to $400 per kw of generating 
capacity 

As we know them today, the 
maintenance cost differences between 
and atomic plants are negligible. 

Fuel costs vary greatly in atomic plants depend- 
ing upon the type of plant, the accounting practices 
used, and the credit or subsidy assumptions made. 


Total costs 

The total production conventional 
plants vary according to geographic area through- 
out the US. The present average total cost of 
power production in the US is approximately 7.5 
mils per kw-hr for conventional power stations. 

Using the same accounting method, and employ- 
ing conservative fuel costs for plants of 150,000 
to 200,000 kw generating capability to be placed 
in operation by 1960/62, the estimated production 
cost of atomic power is from 11 to 15 mils per 
kw-hr, or an average of perhaps 13 mils. If we 
compare the 13-mil figure of atomic power plants 
with the 7 figure of fossil fuel plants, we 


operation and 
fossil-fuel 


costs for 


7.5-mil 
still have a long way to go before atomic power 
becomes competitive. 


Operating and projected plants 

Since 1948, a number of atomic plants have 
been placed in operation. These plants have been 
largely of the prototype or feasibility demonstra- 


W. L. BUDGE is marketing manager, Atomic Power Dept., West- 
inghouse Electric Corp. This paper was presented at the 1958 
Rocky Mountain Minerals Conference in Salt Lake City. 
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tion nature. Examples are, the  boiling-water 
plant at Argonne National Laboratory in Chicago, 
the General Electric boiling-water plant at 
Vallecitos, Calif., and the North American sodium- 
cooled plant at San Jacinto, Calif. These plants 
have proved the feasibility of atomic power and 
have provided data for design and cost estimates 
of full-scale plants. 

The Shippingport plant, the world’s first large- 
scale atomic plant devoted exclusively to peaceful 
uses, is another milestone in our progress. The 
primary purpose of the 60,000-kw Shippingport 
plant is to advance the technology of pressurized 
water reactors rather than to generate electricity 
at costs competitive with ordinary fuels. However, 
operation of the plant since December 1957 is 
providing information from which reliable cost 
estimates can be made. 

The Shippingport cost figure of 64 mils per 
kw-hr as compared with our presently anticipated 
figure of 11 to 15 mils per kw-hr is indicative of 
a tremendous advance in a very short period of 
time. Some factors in this cost change are: 

1) As a development plant, there are many fea- 
tures of Shippingport which are not required solely 
for the production of power; therefore, the capital 
cost of this first plant was necessarily higher than 
plants to follow. The expected output of the Yankee 
Electric plant is more than twice the rated output 
of the Shippingport plant. The Yankee estimate 
indicates that total capital costs will be less than 
those of Shippingport, thereby cutting the capital 
cost portion in half; 

2) Research and development work has indicated 
that fuel life can be extended for the same fabrica- 
tion costs; therefore, there will be a proportionate 
reduction in fuel costs. 


Conclusions 

We certainly do not have 13-mil atomic powe! 
today that I am aware of, and we will be hard 
pressed to reach any 6 mil figure by 1980 as some 
optomistic estimates suggest. From a_ practical 
standpoint, it takes approximately four years to 
build and place in operation a large atomic power 
plant. The important points to note are that atomic 
power has an excellent chance of becoming competi- 
tive in the high cost areas in the next decade or two 
and that the growth will be gradual. 

We have only mentioned the possibility of com- 
petitive power in the US. But the power situation 
is quite different in Europe and Japan. There, the 
cost of fossil fuel is much higher and rising rapidly; 
thus atomic power plants will be competitive 
sooner. 


Construction of the plant of Yankee Atomic Electric 


Co. is shown in a recent photograph, above. Below, 


is an artist's drawing of the completed 134,000 kw 


plont in 1960. 


VANALE ATOMIC COMPANY 
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ALUMINIZED 
STEEL, 


properties and uses 


by K. G. Coburn 


A heat and corrosion resistant metal for coating steel sheet has captured 
the imagination of metallurgists for many years. Aluminum seemed to be 


Fig. 1 (left) Coating on Armco’s Aluminized Steel Type 1. Fig. 2 
(right) Coating on Aluminized Steel Type 2. Mag 1000X, reduced 
to 85 pct. 


at least a partial answer, but there were many problems to be overcome. 
Intensive research efforts appear to have led to the development of 


LUMINUM-COATED steel is well established in 

many product fields where superior heat and 
corrosion resistance is required. Good heat reflec- 
tivity with the strength of carbon steel are compan- 
ion properties that widen the scope of application. 
Aluminum coatings may be applied to steel by 
spraying, electroplating, calorizing, cladding, or hot 
dipping methods. Of these, only the hot dip process 
has been developed commercially for sheet and coils 
over a broad range of gage and size. This was ac- 
complished by Armco Steel Corp. when Aluminized 
Steel was introduced. 

The material is produced by a continuous process, 
which utilizes similar equipment to that required for 
continuous galvanizing by the Armco method. This 
insures a tightly adherent coating, bonded to the 
steel base by an iron-aluminum alloy. Good coating 
uniformity is obtained on both sides of the sheet. 
Composition of the protective coating is closely con- 
trolled. The aluminum coating may be applied to a 
wide range of base metal analyses, including mild 
steel, copper-bearing steel, and low-alloy high- 
strength steel. Uniformity of base metal properties 
is assured by continuous processing, which combines 
annealing with the coating operation. 

Aluminized Steel is manufactured in two grades 
of coating analysis. The first of these, known as 
Type 1, has a silicon-aluminum alloy coating best 
suited for high-temperature service or many appli- 
cations where a combination of heat and corrosion is 
involved. The companion grade is identified as Type 
2; its coating is applied from a bath of commercially 
pure aluminum. The notable property of Type 2 is 
its excellent resistance to atmospheric corrosion. 


K. G. COBURN is supervising research metallurgist, Armco Steel 
Corp., Research Laboratories, Middletown, Ohio. 
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aluminum-coated steel suited for a wide range of applications. 


The total weight of aluminum applied to both 
sides of the Type 1 sheet is approximately 0.5 oz per 
sq ft. This provides a coating thickness of about 
0.001 in. of aluminum on each side, approximately 
equivalent in thickness to a 1.25 oz coating of zinc. 
Coating weight of the more atmospheric corrosion- 
resistant Type 2 grade is approxjmately 1.0 oz per 
sq ft or 0.002 in. of aluminum on each side. 

The difference in coating weight is due largely to 
the effect of silicon. Silicon alters the surface oxide 
characteristics of the coating bath, causing an ap- 
parent change in the viscosity of aluminum. This 
effect, combined with inhibition of growth of the 
iron-aluminum alloy layer, results in thinner coat- 
ings. As thickness of the iron-aluminum bonding 
layer is reduced, the ability of the coating to stand 
deformation without peeling is significantly im- 
proved. 


Coating structure 

A typical microstructure of a silicon-aluminum 
coating applied by the Armco method is shown in 
Fig. 1. The dark gray acicular needles in the outer 
coating layer are a silicon-rich constituent. While 
these needles may contain a small percentage of 
iron and aluminum, they are principally silicon. The 
balance of the outer layer is aluminum solid solution 
with small dispersed islands of an iron-aluminum 
constituent. A two-phase structure exists in the 
iron-aluminum layer adjacent to the stee! base. Iron 
content of these phases has not been determined in- 
dependently, but total Fe averages 33.5 pct. X-ray 
diffraction indicates the phase next to the steel base 
to be FeAl, and the thicker part is believed to con- 
sist mainly of the binary intermediate phase FeA\l.. 

Structure of the heavier nonalloyed coating on 
Type 2, is shown in Fig. 2. In the absence of silicon, 
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plates and stringers in the outer layer consist only 
of the iron-aluminum constituent in aluminum solid 
solution. The bonding layer next to the base metal is 
an iron-aluminum phase, probably FeAl, contain- 
ing about 45 pct iron. The bonding layer develops 
greater thickness and contains higher iron than 
when effective amounts of silicon are present in the 
coating. 


Coating adherence during fabrication 

Type 1 Aluminized will withstand moderate form- 
ing, drawing and spinning operations without flak- 
ing or peeling of the coating. The material can be 
bent 180° over a diameter equal to twice its thick- 
ness without loss of bond between coating and base 
metal. However, more liberal bend radii are recom- 
mended when equipment will be operating at tem- 
peratures above 900°F. 

Type 2 Aluminized will withstand moderate brake 
or roll forming operations and also can be bent 
180° over a diameter equal to twice its thickness 
without separation of the coating. Type 2 can be 
spun or embossed but is not suitable for drawing 
operations. 

Aluminum coatings on steel have better adherence 
when drawn in tension than when deformed under 
compression. When stressed in tension, the iron-alu- 
minum phase next to the base metal develops verti- 
cal cracks without losing bonding to the base metal. 
Under severe compression, shearing stresses develop 
at the alloy-base metal interface which cause hori- 
zontal cracks in the alloy and separation of the coat- 
ing from the steel. 


Physical and mechanical properties 

The properties shown below are typical of both 
types of aluminum-coated steel with a low carbon 
steel base. 

Tensile strength, 55,000 psi 

Yield strength, 40,000 psi 

Elongation in 2 in., 28 pct 

Rockwell “B” hardness, 66 

Modulus of elasticity, 29,000,000 

Coefficient of thermal expansion (10° in. per in. 

per °F), 6.7 

Type 1 will withstand temperatures up to 900°F 
without discoloration, and up to 1250°F without de- 
structive scaling. Above 900°F the coating begins to 
alloy with the steel base, forming a tight refractory 
layer of iron-aluminum alloy. Once formed, the dark 
grey alloy will not revert to its original bright 
appearance. The iron-aluminum alloy has excellent 
heat resistance and extends the maximum service 
temperature beyond the melting point of aluminum. 

The unalloyed coating of Type 2 gives equal 
heat resistance up to 900°F, but it is not recom- 
mended for use above this temperature. Both types 
retain half their normal mechanical strength at 
900°F. 

At temperatures up to 900°F, aluminum-coated 
steel will reflect approximately 80 pct of incident 
radiant heat. This characteristic of the coating Is 
retained after use, because of its resistance to detri- 
mental oxidation and discoloration by heat. 


Welding 


Any of the standard methods of welding can be 
used to join aluminum-coated steel. Good joint 
strength is obtained when welding techniques are 
adapted to the properties of the material. Spot- or 
seam-resistance welding is recommended wherever 


practical, because less damage is done to the pro- 
tective coating in the weld area. However, satisfac- 
tory welds are obtained with all types of fusion 
welding. Care must be exercised in controlling the 
aluminum oxide on the surface of the coating, as 
well as that formed during welding, or else it will 
tend to prevent steel-to-steel contact and increase 
weld porosity. This is done by using the proper 
welding flux or an inert gas shield. 

Brazed joints can be made by using silicon-bronze 
rods. In this case the joint is between coated sur- 
faces and should be used only when the strength of 
a steel-to-steel joint is not required. Soldering alu- 
minum-coated steel presents the same problems as 
soldering aluminum, and no practical method has 
yet been developed. 


Corrosion resistance 

Atmospheric corrosion resistance of silicon-alumi- 
num coatings is inferior to that of unalloyed alumi- 
num coatings, and the silicon-bearing type is not 
usually recommended for atmospheric service. The 
Type 1 product is primarily a heat-resistant grade 
that gives good service in many applications re- 
quiring combined heat and corrosion resistance. 

The heavier, unalloyed Type 2 coating is best 
suited for service where resistance to atmospheric 
corrosion is the primary consideration. On the basis 
of atmospheric exposure results to date, it is esti- 
mated that coating life in a mild industrial atmos- 
phere will be at least three times that of commercial 
zine coatings. Type 2 material has been exposed in 
the atmosphere at Middletown, Ohio, for 19 years 
and the coating is still intact. Galvanized sheet with 
a l-oz coating was exposed at the same time. The 
zine coating failed after seven years, and the base 
metal surface was 30 pct red-rusted at the end of 
12 years. 

When exposed to the atmosphere, aluminum ac- 
quires a protective surface film. This sometimes 
causes the aluminum coating to become passive, so 
that galvanic protection is not provided at sheared 
edges. As a result, edge rust generally will appear 
after a short period of exposure. 


Uses 

The Type 1 heat-resistant grade is being. widely 
used in kitchen range and laundry appliances, heat 
exchanger tubes, water heater and oven liners, ele- 
ment retainers and baffles, reflector plates, and auto- 
mobile mufflers and tail pipes. A more recent use 
has been as a steel base for porcelain enameling 

Substantial quantities of the Type 2 atmospheric 
corrosion-resistant grade have been used for build- 
ing panels, roof decking, silo roofs, air-conditioning 
enclosures, rolling door sections, corrugated indus- 
trial roofing and welded tubing. 

Aluminum-coated steel is well-suited to a wide 
range of applications where the requirements are 
superior heat and corrosion resistance, good heat 
reflectivity, and strength at elevated temperatures 
Standard production methods can be used in the 
fabrication and welding of these sheets. Maximum 
service temperature for Type 1 is several hundred 
degrees higher than allowable with zinc coatings 
Corrosion life of Type 2 is estimated to be at least 
three times that of l-oz galvanized in industrial 
atmospheres. Aluminum-coated steel has a strength 
and economic advantage over solid aluminum of the 
same thickness, and the steel base usually permits 
a reduction in thickness. 


JANUARY 1959, JOURNAL OF METALS—39 


. 
\ 
é f 
| 
\ 
; 
a a 
: 


Expanding the frontiers of high-temperature, two US firms recently have 
announced the development of plasma-type torches capable of producing a 


30,000 DEGREES 


WITH THE 


PLASMA JET 


jet of electrically neutral, partially ionized gas at extremely high tempera- 
tures. The result, a radically new method for fabricating shapes and apply- 


PROCESS that harnesses the highest controlled 

temperatures ever used in industry—-up to 
30,000" F—now makes possible the fast and accurate 
production of shapes and coatings from high-tem- 
perature materials that have been virtually unwork- 
able by conventional means of the past. 


What is it? 


The key to the process is plasma—a stream of in- 
tensely hot, ionized gas. Such a jet is formed by 
passing a gas or a vapor through an electric arc. 
The are is struck between a tungsten cathode and 
(usually) a water-cooled copper anode. Nitrogen, 
hydrogen, or argon are the gases normally used, but 
air can also be used with special shielding of the 
tungsten electrode 

The secret of the torch is not so much its total 
power consumption as its power concentration. 


What are its applications? 

The plasma jet can melt the toughest materials 
known to man without itself being consumed by the 
intense heat it generates. It has been used for some 
time in advanced research. Set up as a wind tunnel 
tool for either large or small units, the plasma jet 
can simulate speeds up to Mach 20 and reproduce 
conditions which a missile would encounter when 
re-entering the earth’s atmosphere. 

In a different field, the plasma jet can be signifi- 
cant in determining the physical changes that take 
place when solids, liquids, or certain types of gases 
are passed through the heat of the arc. 

Production applications of the plasma jet are 
enormous and considerable time will be required to 
explore them all. For the first time engineers have 
the possibility of effectively coating metals and other 
materials with refractory metals and compounds, 
such as borides, carbides, nitrides, silicides, and ox- 
ides. The inert jet offers a completely uncontam- 
inated spraying environment which oxidizes neither 
the base nor the sprayed material. 

Coatings made with the plasma jet powder torch 
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ing coatings that will withstand temperatures above 5000 F. 


are unique. They have excellent bonding capabilities 
to most base materials, including some reinforced 
plastics, graphites, and carbons. The coatings are 
dense, usually laminar in structure, and may be fin- 
ished to a thickness below 1.5 y» in. 

Plasma-jet coatings have a wide area of applica- 
tion in the production of refractory parts, such as 
crucibles and molds for high-temperature materials. 
Plasma-jet coatings have been used in advanced de- 
signs of solid-fuel rocket engines. Nozzles for these 
rockets are subject to temperatures up to 5500°F and 
exhaust velocities up to 5000 ft per sec. Few mate- 
rials can withstand such conditions. But graphite 
coated with metallic tungsten by means of the 
plasma jet has apparently solved the problem. 

Another application of the plasma jet is in making 
shapes of refractory materials. There are several 
distinct advantages gained in forming these parts 
with the plasma jet. They can be made structurally 
sound without resorting to heavy walls. The thin- 
nest practical crucible wall understood to have been 
made by other processes is 0.125 in., but plasma-jet- 
formed crucible wali thicknesses on the order of 
0.010 to 0.060 can be achieved. In the electronics in- 
dustry parts for large vacuum tubes can be readily 
and economically formed by the plasma jet from any 
desired refractory materials. 

The range of applications for refractory coatings 
and shapes in all industries is considered to be ex- 
tremely wide. 


The coating process 

The coating material, prepared either in wire or 
powder form, is passed through the arc inside the 
torch. Because of the temperature above 15,000°F, 
the coating material is converted into a fluid or 
plastic state. It is carried out of the torch by gases 
flowing at velocities up to 10,000 mph to be de- 
posited on the part being made or plated with such 
force that a firm bond results. The coating is cooled 
at once by sprays of carbon dioxide to form a hard, 
dense surface that bonds perfectly. 
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Plasma Arc torch coats nose cone with tungsten 
(above), while Plasmatron slices through ‘-in. 
stainless steel sheet (right). 


Making parts 

In order to make a part by the plasma jet, a man- 
drel is first prepared to the precise internal diam- 
eter of the part to be made. Once the mandrel is 
chucked, the torch applies the selected material and 
moves back and forth over the length of the part, 
maintaining a 90° angle to the surface being coated. 
When the proper thickness has been reached, the jet 
is stopped and the mandrel is leached out. Brass is 
often used and then dissolved in nitric acid. Where 
acid attacks the coating material, an aluminum 
mandrel is made and then leached out with caustic. 
There is no reason, consistent with parts accuracy, 
why other mandrel materials, including plastic, 
cannot be used. 

Once made, parts are given a moderate heat treat- 
ment to improve density and other vhysical prop- 
erties. They may or may not require additional pol- 
ishing or grinding, depending on their applications. 


On the history 

The principle of the plasma jet has been known 
for some time. A primitive plasma jet was actually 
devised 35 years ago by Gerdien in Europe. R. M. 
Gage of Linde’s Speedway Laboratories provides us 
with information on the history of the plasma jet: 

“Since the Geriden arc jet was first devised, this 
and other experimental plasma have been studied in 
Europe, mainly Germany, by Peters, Maecker, and 
others. Temperatures up to 50,000°K have been pro- 
duced by making the water vortex so as to squeeze 
the arc into a small channel. Until recently such de- 
vices have been of academic interest only, partly 
because the carbon electrodes are rapidly consumed, 
and partly because water vapor is unacceptable in 
most applications. 


“In the United States, beginning during World 
War II, the tungsten inert-gas process, using con- 
ventional unconstricted arc, revolutionized welding, 
because it provided long life, constant character- 
istics, and atmosphere control.” 

In recent years several firms have been at work on 
the plasma jet ideas; these include Linde Co., Gen- 
eral Electric Co., Thermal Dynamics Corp., and Gi- 
annini Plasmadyne Corp. 


Linde’s Plasma Arc torch 

Linde Co., div. of Union Carbide Corp., has been 
producing experimental coatings with its Plasma 
Arc torch for the past five years, and during the past 
two years it has offered Plasma Arc torch coatings to 
industry on a commercial basis. Late in 1955 Linde 
and Plasmadyne introduced the modern plasma jet 
for cutting aluminum. 

Linde provides us with some general information 
on the modern plasma jet and its Plasma Arc: 

There are two basic types of modern plasma jet 
devices: transferred and non-transferred arc. Using 
the former, both the arc and the gas continue along 
together after leaving the nozzle. With the latter, the 
are is forced into and perhaps through the nozzle by 
the flow of gas; the arc ends on the nozzle and the 
hot gas continues alone. The transferred arc is used 
for metal cutting; the non-transferred are torch is 
the basis for are plating. 

The electric arc column is forced to operate within 
a small diameter tube through which go both a part 
of the arc and a flow of gas. By making the nozzle 
small, relative to the normal unconfined arc, a 
substantial part of the nozzle is filled by the arc. 
Thus, a good portion of the gas flow through the 
nozzle must also be through the arc. 

There are four major advantages to constricting 
nozzles: 
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a) Are flame stability—The plasma from a con- 
stricting nozzle goes in the direction it is pointed, 
even at relatively small gas flows; 

b Concentration of power—This is most important 
in metal cutting where it is desirable to make the 
kerf as narrow as possible; 

c) Concentration of momentum—The value of 
this is apparent in accelerating metal particles to be 
plated or in ejecting molten metal from a cut; 

d) Heating of gas and powder—Material passed 
around an arc will be heated very little, as compared 
with material forced through an arc. 

But how is the nozzle material of Plasma Arc 
torch able to withstand arc temperatures: The 
answer is that it doesn’t. In a properly designed 
torch, the arc column does not touch the nozzle. 
Surrounding the arc column proper and adjacent to 
the nozzle wall is an annular layer of cooler gas 
having a very steep radial temperature gradient. At 
low gas flows through the nozzle, the cool layer re- 
sults from the radial flow of heat to the nozzle. At 
higher gas flows, much of this radially flowing heat 
is swept out by the flow of gas before reaching the 
nozzle wall. 


Giannini’'s Plasmatron 

Giannini Plasmadyne Corp. has had its plasma 
jet, called the Plasmatron, under development for 
the past three years. Its coating technique, called 
Plasma Spray, was released last July. The Plasma 
Spray creates temperatures up to 25,000°F. It 
reaches velocities of 13,000 ft per sec, but the jet 
is easily handled. 

The plasma generator employs thermal and mag- 
nohydrodynamic effects to put the plasma under 
pressure and increase its density. The arc is struck 
inside a small cylindrical chamber and carried out- 
side the chamber 

One end of the chamber is an electrode—a flat 
plate of tungsten or other conducting metal—perfor- 
ated at its center to provide an orifice for the plasma 


ponding to these encountered at Mach 20 
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A standard Plasmatron plasma jet head, coupled to an evacuated chamber, can produce 


jet. Cooling is provided by a jet of gas injected tan- 
gentially into the water-cooled chamber. 

The current in the discharge tends tc concentrate 
in the hotter central region of the plasma. This in- 
crease in current density, by what may be called a 
thermal pinch effect, brings a further increase in 
temperature and conductivity. When the current 
density in the center of the discharge reaches a 
high enough value, the second—or magnetic—pinch 
takes over. The combination of electromagnetic 
forces and high pressure now developed in the 
chamber, ejects the plasma from the orifice in a 6-in. 
long beam of highly excited particles up to % in. in 
diam. 


Summary 

The Plasmatron and the Plasma Arc torch have 
opened new doors in the metals field. These devices 
are not the first nor the last developments of their 
kind. Already Linde is working on an experimental 
High Current DC Arc Torch to explore problems 
involved in using power above 10,000 amp. This will 
result in concentrations of power equivalent to 3 
megawatts per sq in.—equal to putting the total out- 
put of the largest electrical generator into an area 6 
in. sq. Conversely, Giannini is about to release a new 
miniature hand-held spray gun, weighing 1 lb 6 oz 
and capable of depositing refractories and other ma- 
terials at speeds equivalent to paint-spray tech- 
niques. 

As the space age continues to require ways and 
means of working with ever-increasing tempera- 
tures, research and development men must continue 
to solve the improbable and harass the impossible. 
Gabriel Giannini has analyzed today’s trends in 
these words: “The climb up the temperature scale 
that has now begun will bring opportunities still 
uncharted. It will teach us much about processes in 
the stars and give us a means of manipulating 
matter and energy in ways we have not yet im- 
agined.” 


thermal effects corres- 
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etallurgy, in this fast moving age of technolo- 
M gical development, is probably advancing more 
rapidly than any other field. Thus, the organization 
of The Metallurgical Society of AIME must be ade- 
quate and sufficiently flexible so as to promote com- 
petently the expanding professional interests of its 
members. For this reason the question arose 
whether the present technical committees ade- 
quately assist in fulfilling the objectives of The 
Metallurgical Society . . . “to promote the advance- 
ment of metallurgical knowledge and the advance- 
ment of the metallurgical profession.” 

Several years ago, or perhaps even one year ago, 
this question might have received a negative answer, 
but since then changes have taken place, and are 
still taking place in The Metallurgical Society. These 
are largely in the form of extensive reorganization 
of technical committees in the three divisions of 
The Metallurgical Society. The overall task of exam- 
ining the technical committee structure was as- 


I. Technical Committees of 


With the objectives of broadening the coverage 
of new developments in extractive metallurgy, the 
Extractive Metallurgy Div., in February, 1958, ap- 
pointed an ad hoc committee to study the structure 
of technical committees. Serving on this commit- 
tee were H. H. Kellogg, Chairman, A. E. Lee, Jr., 
R. Schuhmann, Jr., and J. D. Sullivan. Their report, 
approved by the Division’s Executive Committee in 
August, recommended the creation of two new tech- 
nical committees, and the change in name of several 
existing committees. As a result, the Extractive 
Metallurgy Div. will have 11 technical committees, 
when the reorganization becomes effective in Febru- 
ary, 1959. 

A portion of the Committee report follows: 

“The aim of the EMD committee organization 
should be to provide committees that cover the sub- 
ject matter of extractive metallurgy in sufficient 
breadth that all metals, processes, and disciplines 
receive attention commensurate with their impor- 
tance. Carried to its extreme, this aim might call 


METALLURGICAL SOCIETY STUDIES 
SCOPE OF TECHNICAL COMMITTEES 


signed to the Programs Committee of which J. F. 
Elliott is chairman. But the study of this matter is 
one of continual review so that further changes in 
the scope and number of technical committees can 
be expected. 

For the Society as a whole, the Programs Com- 
mittee has a proposal resulting from the report of 
the Extractive Metallurgy Div. that consideration 
be given to forming Society, rather than division, 
committees in the following areas: (1) marketing 
and economics in the metals industries, (2) process 
design and control, and, (3) refractories. Should 
such a Society Refractories Committee be formed, 
for example, it is presumed that division refractories 
committees would be discontinued. 

Presented on the following pages is a report on 
the new committee structure of the Institute of 
Metals Div. and the Iron and Steel Div. The report 
of the Extractive Metallurgy Div. presents the re- 
organization of the division technical committees 
effective following the 1959 Annual Meeting 


Extractive Metallurgy Div. 


for separate committees for each of the 70 or 80 
metals, and for each of the 100 or more separate 
processes used in extractive metallurgy. However, 
a large number of committees would destroy the 
unity of EMD and cause serious organization prob- 
lems. 

“As far as the subject matter covered by the 
technical committees is concerned, we believe that 
the present system of horizontal-vertical overlap- 
ping of commodity and functional committees is a 
good one and should be retained. We are opposed 
to a committee structure that imposes rigid com- 
partmentalization on the subject matter. We feel 
that technical progress and research productivity 
will be greatest in new fields which will not fall 
directly into the traditional divisions of the past 
Overlapping commodity and functional commit- 
tees permit retention of the traditional groupings 
of common interest (Pb-Zn, Cu-Ni, etc.) and still 
provide the flexibility inherent in the functional 
approach to subject matter. 
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“Finally, we recommend a procedure for regular 
review of the committee structure of EMD in rec- 
ognition of the fact that the subject matter of ex- 
tractive metallurgy is ever-shifting in emphasis, so 
that the new committees may become necessary, or 


existing ones unnecessary.” 


The Committee also defined extractive metallurgy 
as the “science and art of producing metals. It be- 
gins with the processing of ores, concentrates, or 
by-products of such metals from that 
point where up-grading by physical separation ends 
and chemical conversion begins. It ends with the 


industrial 


A. Commodity Committees 


1. Lead, Zinc, and Tin Committee 
(L. W. Hanley, Chairman of present 
Lead and Zinc Committee) 


Primarily concerned with lead, 
zinc, and tin. Coverage also includes 
related metals usually recovered as 
by-products of extractive processes 
for lead, zinc, and tin. A suggested, 
but not restricted, list of these 
metals is: Pb, Zn, Sn, Sb, As, Bi, 
Cd, Ge, In, and TI. 


2. Copper, Nickel and Precious 
Metals Committee 
(R. J. Stevens, Chairman of pres- 
ent Reduction and Refining of Cop- 
per and Nickel Committee) 
Primarily concerned with copper, 
nickel, and precious metals. Its 
coverage also. includes related 
metals usually recovered as by- 
products of extractive processes 
for copper, nickel, and precious 
metals. A suggested, but not re- 
stricted, list of these metals is: 
Cu, Ni, Au, Ag, Co, Ir, Os, Pd, Pt, 
Rh, Ru, Se, and Te. 


3. High Temperature Metals Com- 
mittee 

(M. A. Steinberg, Chairman of 
present Titanium, Uranium, and Un- 
common Metals Committee) 

Primarily concerned with high- 
temperature metals. A suggested, 
but not restricted, list of these 
metals is: Be, B, Cr, Cb, Hf, Mn, Mo, 
Re, Si, Ta, Tc, Ti, W, V, and Zr. 


4. Uranium, Rare Earths, and 
Minor Metals Committee 

(M. A. Steinberg, Chairman of 
present Titanium, Uranium and Un- 
common Metals Committee) 

A suggested, but not restricted, 
list of the metals by this committee 
is: U, transuranics, rare earths, Ac, 
At, Fr, La, Hg, Po, Pa, Ra, Sc, Th, 
and Y. 


5. Light Metals Committee 

(W. S. Peterson, Chairman of pres- 
ent Aluminum and Magnesium Com- 
mittee) 

Primarily concerned with alum- 
inum, magnesium, and other light 
metals. A suggested, but not re- 
stricted, list of these metals is: 
Al, Mg, Ba, Ca, Cs, Ga, Li, K, Rb, 
Na, and Sr 
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production of metals or metallic compounds of suffi- 
cient purity to permit their use without further 
refining in the manufacturing arts. The science and 
art of producing includes, but is not limited to, 
such activities as research, engineering, production, 


management, economics, and education.” 


ences. 


B. Functional Committees 
Pyrometallurgy Committee 
(G. H. Turner, Chairman) 

Pyrometallurgy broadly encom- 
passes all metallurgical processes in 
which elevated temperatures are 
employed, with the exception of 
fused-salt electrolysis. In areas of 
overlay with the various commodity 
committees of EMD, this committee 
will concentrate its activities on 
papers that fall in one or more of 
the following categories: 

a) General aspects of pyrometal- 
lurgy such as: means of obtaining 
high temperatures, measurement 
and control of high temperatures, 
characteristics of particular fuels 
of reducing agents, and furnace 
design; 

b) Study of particular pyrometal- 
lurgical processes as unit processes. 
A particular process, such as the 
blast furnace, vacuum retort, fluid- 
bed chlorinator, etc., may be an- 
alyzed and studied as a process type 
or unit. Such studies are the proper 
concern of this Committee and 
should be encouraged; 

c) pyrometallurgical 
cesses. 


pro- 


2. Hydrometallurgy Committee 
(W. M. Fassell, Jr., Chairman) 
Hydrometallurgy broadly encom- 

passes the processes whereby re- 
actions in aqueous solution are 
utilized for the extraction or refin- 
ing of metals. The two main opera- 
tions of hydrometallurgy are dis- 
solution (leaching) of metal values 
from ore, concentrate, or other 
intermediate substance, re- 
covery of metal values’ from 
solution by precipitation, ion ex- 
change, solvent extraction, etc. In 
areas of overlap with the various 
commodity committees of EMD, 
this Committee will concentrate its 
activities on papers that deal pri- 
marily with the hydrometallurgical 
operation, its understanding, and 
control. 


3. Electrolytic Processes Committee 
(W. R. Opie, Chairman) 

Studies of cell design, electrode 
reactions, overvoltage, electrical 
transport phenomena, form of 
electrode deposits, and effect of 
temperature, electrolyte composi- 
tion, and current density on process 


Listed below are the technical committees of the 
Extractive Metallurgy Div. All of these committees 
participate in program planning for the AIME An- 
nual Meeting, and some will assist in programming 
for AIME regional meetings and technical confer- 


results are the prime concern of this 
Committee. In areas of overlap 
with the various commodity com- 
mittees of EMD, this Committee 
shall concentrate its activities on 
papers that dea! primarily with the 
electrolytic operation, its under- 
standing, and control. 


4. Physical Chemistry of Extrac- 

tive Metallurgy Committee 

(W. A. Krivsky, Chairman) 

Physical chemistry underlies all 
extractive metallurgy processes. 
This Committee will concentrate 
its activities, however, on papers in 
which the prime concern is the 
development of new physical chem- 
ical data, or the direct application 
of such data to understanding of 
process behavior. Following is a 
suggested, but not restrictive, list 
of subject matters considered to be 
primarily physical chemistry: phase 
and chemical equilibria, activity 
and structure of solutions, thermo- 
dynamic properties, chemical kin- 
etics, diffusion, and surface chem- 
istry and physics. 


5. Refractories Committee 

(A. P. Thompson, Chairman) 

This Committee is interested in 
the operating behavior of refrac- 
tories. It will also seek new in- 
formation on the understanding of 
refractory attack (refractory-metal 
and refractory-slag equilibria, kin- 
etics of refractory reaction, etc.), and 
the physical and mechanical pro- 
perties of refractory bodies. 


6. Nuclear Fuel Reprocessing 
Committee 

(M. A. Steinberg, Chairman of 
present Titanium, Uranium, and Un- 
common Metals Committee.) 

The reprocessing of metallic fuel 
elements is a special application of 
metal refining. The nature of the 
alloys to be refined, the problem of 
handling dangerous radioactivity, 
and the special problems of accept- 
able impurity limits are all peculiar 
to nuclear fuel reprocessing, and 
justify a separate committee to 
handle this subject. The refining 
methods that may be used, how- 
ever, bear close resemblance to re- 
fining methods for the common 
metals. The Committee will seek 
papers on all aspects of the problem 
from theory to operating results. 
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II. Technical Committees of Institute of Metals Div. 


Following 


to committee structure: 


1) The number of technical committees was in- 


creased from five to eighteen; 
2) A 


established and: 


3) A meeting ground for chairmen of technical 
committees was provided in a Council of Technical 


Committees. 


The Committee on Scope of Technical Commit- 


Chemistry and 
Metals Committee 
(J. J. Gilman, Chairman) 

Fall and Annual Meeting Ses- 
sions. 

Basic scientific understanding of 
the behavior of metal systems. 
Includes the chemical, mechanical, 
electrical, and magnetic properties 
of metals. 


Physics’ of 


2. Corrosion-Resistant Metals 
(T. N. Rhodin, Chairman) 

National Conference on Stress 
Corrosion Fracture, Mellon Insti- 
tute, April 2 and 3, 1959. 

Concerned with those physical 
metallurgical properties of a metal 
which are influenced by interaction 
with environment, such as aqueous 
solution, nonaqueous liquids, vapors, 
liquid metals, fused salts, and gas 
atmospheres. 


3. Electrical and Magnetic Metals 
(J. J. Becker, Chairman) 

Fall Meeting sessions. Joint meet- 
ings with other societies. 

Relationships between structure, 
processing, and properties of 
materials intended for electrical or 
magnetic application, excepting 
semiconductors. 


4. Ferrous Metallurgy 
(D. J. Blickwede, Chairman) 
Planning session in anisotropy of 
steels session at Fall or Annual 
Meeting. 


reorganization of The Metallurgical 
Society in 1957, the Institute of Metals Div. took 
immediate action along these lines with reference 


new committee with the unusual name, 
Committee on Scope of Technical Committees, was 


tees had understood its function as maintaining a 
“continuous review of the scope of activities and 
the charter of the technical committees.”” The Com- 


mittee was commissioned to report annually on the 


extent to which the scope of existing committees 


fulfills the objectives of the Division and the So- 


ciety. 


The Committee, under the chairmanship of J. H. 


Jackson, completed its survey and reported at the 


Fall Meeting of The Metallurgical Society. A sum- 
mary of this report, “Scope and Activities of Tech- 


nical Committees of the Institute of Metals Div.” 


follows: 


Physical metallurgy of ferrous 
metals, including the structure, 
mechanical and physical properties 
as they are affected by equilibria, 
reaction kinetics, diffusion, etc., and 
those aspects of process metallurgy 
(iron and steel making, rolling, 
forming, etc.) which influence the 
structure and properties of ferrous 
metals. 

5. Heat Treating 
(R. D. Chapman, Chairman) 

Heat treatment of ferrous and 
nonferrous metals with emphasis on 
equipment and atmospheres. 


6. High-Temperature Alloys 
(N. J. Grant, Chairman) 

Fall and Annual Meeting sessions 
and special conference at Los An- 
geles, May 5, 1958. 

High-temperature deformation 
and fracture, high-temperature 
testing and alloy development, and 
structural studies relating to high 
temperature. 


Melting and Casting 
(W. S. Pellini, Chairman) 

Symposium on Liquid Metals with 
ISD and EMD, Pittsburgh, April 27 
to 30, 1959. 

Aspects of melting and casting 
not normally covered by Open- 
Hearth, Electric Furnace, or AFS. 
Basic aspects and their applications, 
such as the nature of liquid metals, 


mechanism solidification, ad- 
vanced melting methods, advanced 
molding methods, liquid flow of 
metals, defect deformation in 
castings, and relationship of casting 
variables on properties of metals. 


8. Joining 
(E. F. Nippes, Chairman) 


9. Non-Ferrous Metallurgy 
(F. H. Wilson, Chairman) 
Fall Meeting session, 1959. 
Problems related to the produc- 
tion of Al, Cu, Pb, Mg, Ni, Zn, and 
precious metals and their alloys. 


10. Nuclear Metallurgy 
(J. A. Fellows, Chairman) 
Fall and Annual Meeting sessions 
on metallurgy of nuclear materials. 


ll. Physical Metallurgy 
(H. W. Paxton, Chairman) 

Fall and Annual Meeting sessions 
(beginning soon). Planning a 2-day 
meeting in 1960. 

The relationship between the 
structure of metallic materials and 
their properties which of 
engineering interest. 


12. Powder Metallurgy 
(G. L. Bibbins, Chairman) 

Fall and occasional Annual Meet- 
ing sessions and special conferences 
as with MPI in New York, June, 
1960. 
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Foster a_ scientific interest (in 
powder metallurgy. Interest stu- 
dents at various levels, as well as 
metallurgists and other engineers, 
in powder metallurgy. Provide a 
medium for dissemination of in- 
formation in the field of powder 
metallurgy. 


13. Refractory Metals 
(J. J. Harwood, Chairman) 
Fall Meeting sessions with High- 
Temperature Committee in 1958 
Methods of preparation § and 
purification; physical metallurgy, 
consolidation, fabrication, process- 
ing, oxidation and surface reaction, 
and surface protection and applica- 
tion of those metals having melting 
points above 3400°F such as Rh, 
Cb, Ir, Re, Mo, Os, Ta, W, etc. 
(plus Cr). 
14. Semiconductors 
(W. C. Hittinger, Chairman) 


Fall and Annual Meeting sessions 
and special conference at Boston, 


August 31 to September 2, 1959 on 
metallurgy of semiconductors. 


15. Shaping and Forming 
(E. S. Rowland, Chairman) 

Fall and/or Annual Meeting be- 
ginning in 1959 or 1960. 

Mechanical analysis, materials 
properties during and after working 
surface or boundary properties 
(lubrication), and workability tests, 
as applied to rolling, extrusion, 
deep drawing, wire and tube draw- 
ing, tube forming, stretch forming, 
spinning, embossing, coining, forg- 
ing, pressing (blanking, piercing), 
mashing, and grinding. 


16. Structural Materials 
(J. H. Rizley, Chairman) 

Structural applications of mate- 
rials, rather than basic properties of 
materials. Physical and mechanical 
properties of all structural metallic 
materials primarily as they affect 
structural applications. 


17. Surface Treatment 
(W. R. Meyer, Chairman) 

Properties of coatings in specific 
applications, such as solderability, 
electrical conductivity, heat radia- 
tion, room temperature and high- 
temperature corrosion resistance, 
and resistance to oxidation. Com- 
parisons of various processes, such 
as phosphating, chromating, anodiz- 
ing, and chromizing in their rela- 
tionship to corrosion resistance or 
any of the properties mentioned 
above. Discussion of processes of 
coating metals not normally con- 
sidered by the metal finishing 
societies, for example, flame spray- 
ing, or coating, diffusion coatings, 
and vacuum deposition. 


18. Titanium 
(A. L. Rustay, Chairman) 
Fall Meeting seminars on engin- 
eering aspects of titanium. 


ILI. Technical Committees of Iron and Steel Div. 


The Iron and Steel Div. has not yet undertaken 
a comprehensive study of the scope of its technical 
committees, with a definition of 


|. Acid Converter and Basic Oxy- 
gen Committee 
(A. B. Wilder, Chairman) 

Meets annually in spring for plant 
trip and technical symposium. Also 
periodically sponsors sessions at 
AIME Annual Meetings. 

Originally the Bessemer Steel 
Committee, the new name change 
reflects coverage of the modern 
oxygen steelmaking process. Mem- 
bership includes representatives 
from all US and Canadian com- 
panies in the field. 


2. Blast Furnace, Coke Oven, and 

Raw Materials Committee 

(J. W. Duncan, Chairman) 
Meets annually in April for 3-day 
conference covering blast-furnace 
and coke-oven theory and practice, 
coal preparation, raw materials, and 
by-products. Publishes proceedings. 
This Committee is now consider- 
ing enlarging its organization to 
include local sections in areas 
where blast furnaces are concen- 

trated. 


3. Electric Furnace Committee 


(A. C. Ogan, Chairman) 
Meets annually first week of 
December for 3-day conference 
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the objectives 


committee: 


covering electric-furnace operations 
for ingots, castings, ferroalloys, 
and calcium’ carbide. Publishes 
proceedings. 

Name was changed in 1958 from 
Electric Furnace Steel Committee 
to reflect enlarged scope which now 
includes other uses of electric arc 
furnace: ferroalloys, calcium car- 
bide, special refractories, and 
abrasives. 


4. Mechanical Working Committee 
(R. D. Hindson, Chairman) 
Sponsors separate technical con- 
ferences and periodically sponsors 
sessions at AIME Annual Meetings. 
Committee has organized Tech- 
nical Conference for’ January 21, 
1959, Del Prado Hotel, Chicago, on 
Factors Affecting Shape and Sur- 
face Texture of Hot and Cold 

Rolled Products. 


5. National Open Hearth Steel 
Committee 
(V. W. Jones, Chairman) 
Meets annually in April for 3-day 
conference covering basic and acid 
operations, refractories, and ma- 
sonry, combustion, operating metal- 


of each committee. Existing technical committees 
are reviewed below, with notes on activities of each 


lurgy, and cold metal and basic 
foundry operations. Publishes pro- 
ceedings. 

Has 10 organized local sections in 
steelmaking cities, each with own 
technical program. The National 
Committee, with its own funds, 
sponsors L. F. Reinartz Scholarship 
at Carnegie Institute of Technology 
and publishes occasional books on 
steelmaking. 


6. Physical Chemistry of Steel- 

making Committee 

(B. R. Queneau, Chairman) 

Committee sponsors sessions at 
AIME Annual Meetings, Electric 
Furnace Conference, and National 
Open Hearth Steel Conferences. 
Also, has sponsored own Technical 
Conference on Quality Require- 
ments for Super-Duty Steels. 

Purpose defined as promoting 
“the advancement of the science of 
iron and steelmaking and shall also 
be responsible for the dissemina- 
tion of this knowledge in industry.” 
Committee is now writing handbook 
on electric-furnace steelmaking, as 
a sequel to its earlier book, Basic 
Open Hearth Steelmaking. 
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Changes in Selection of AIME and Metallurgical Society Presidents 


Reorganization of AIME has 
brought about a significant change 
in the method of electing the Presi- 
dent of AIME. Instead of a nominat- 
ing committee organized along geo- 
graphical lines and _ representing 
AIME Sections, each Society has 
been given the task of selecting the 
President every third year. During 
1959, The Metallurgical Society will 
assume, for the first time, the re- 
sponsibility of nominating a Presi- 
dent-Elect of AIME. This job falls 
to the Society's Nominating Com- 
mittee. 


The Society's Nominating Committee 


Who are they? nine in all, 
three from each division. For 1959 
to 1960 Walter R. Hibbard, Jr. will 
serve as Chairman. Also represent- 
ing the Institute of Metals Division, 
are W. J. Harris, Jr. and David 
Swan. From the Extractive Metal- 
lurgy Division are J. C. Kinnear, Jr., 
R. R. McNaughton, and P. T. Stroup. 
The Iron and Steel Division I is rep- 


resented by H. B. Emerick, J. S. 
Marsh, and C. E. Sims. 

What are their tasks? These are 
explained in detail in the excerpt 
from the Bylaws of The Metallur- 
gical Society which is printed on 
page 49. In addition to nominating a 
President-Elect of AIME every third 
year, the Nominating Committee 
must also select Metallurgical So- 
ciety representatives for the AIME 
Board of Directors (two Directors 
per year for three-year terms, two 
Vice Presidents from our total repre- 
sentation of six to serve one-year 
terms, and every third year, nominee 
for President-Elect). Furthermore, 
the Nominating Committee is 
charged with the responsibility of 
selecting the Vice President of The 
Metallurgical Society; he is auto- 
matically President-Elect of the 
Society. The names and biographies 
of all nominees are published each 
year in the July issue of JOURNAL OF 
METALS. 


Although provisions of the bylaws 
provide for other nominations, mem- 
bers may also wish to forward sug- 
gested names to any member of the 
Society’s Nominating Committee or 
to the Chairman, 


Dr. Walter R. Hibbard, Jr., Manager, 
Alloy Studies Research, General 
Electric Company, Schenectady 9, 
New York 


You are encouraged to do so. 


How the Society’s Nominating Com- 
mittee Is Chosen 

Each division, through its division 
nominating committee, chooses three 
men for the Society’s Nominating 
Committee. (The names of the above 
nine men were published in the July 
1958, JOURNAL OF METALS.) The in- 
coming President of the Society then 
designates one of the nine as Chair- 
man. 

How, then, do the division nomi- 
nating committees function? The by- 
laws of each of the three divisions 
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specify that the chairman of division 
shall appoint a nominating com- 
mittee consisting of five members, 
subject to the approval of the divi- 
sion executive committee. The In- 
stitute of Metals Division bylaws fur- 
ther specify that at least three shall 
be past-chairmen of the Division. All 
bylaws state that the division nomi- 
nating committee shall nominate 
candidates for division offices, and in 
addition, candidates for the Society’s 
Board of Directors and Society’s 
Nominating Committee. The names 
of all nominees are published in the 
July JOURNAL OF METALS, and pro- 
visions are made for additional 
nominations up to August 15. 


Special Sessions Set 
For Annual Meeting of 
Metallurgical Society 


The Metallurgical Society’ will 
feature special sessions on pluton- 
ium and beryllium at the 1959 AIME 
Annual Meeting, to be held at the 
St. Francis Hotel in San Francisco, 
February 15th to 19th. A symposium 
on beryllium is scheduled for Monday 
afternoon, February 16th, at which 
A. R. Kaufmann of Nuclear Metals 
Inc. will serve as chairman. Among 
the thirteen papers on beryllium will 
be papers on the brazing, welding, 
casting, rolling, forging, and extru- 
sion of beryllium. 

A two-session symposium on plu- 


tonium will be held on Monday 
afternoon and Tuesday morning, 
February 16th and 17th. The first ses- 
sion will be devoted to the extrac- 
tive metallurgy of plutonium; the 
second session on the physical met- 
allurgy of plutonium. These sessions 
are under the joint sponsorship of 
the Extractive Metallurgy Division 
and the Institute of Metals Division. 
The Extractive Metallurgy Divi- 
sion has arranged for two sessions 
to be held jointly with the Minerals 
Beneficiation division on chemical 
processing of nickel and the chemi- 
cal processing of uranium. The Ex- 
tractive Metallurgy Division has also 
planned special sessions on chlorina- 
tion processes and on rare earths. 
The Iron and Steel Division will 
conduct sessions on iron ore reduc- 
tion, iron blast furnace engineering, 
basic oxygen steelmaking, steelmak- 
ing technology, the basic science of 
steelmaking, and pyrometallurgical 
processes. The last session is jointly 
sponsored with the Extractive Met- 
allurgy Division. Of particular in- 
terest will be a paper on the exper- 
ience of Jones & Laughlin Steel 
Corp. with the operation of their 
basic oxygen furnace, and a paper 
giving the analytical results of the 
nitrogen quenching of a U.S. Bureau 
of Mines experimental blast furnace. 
The Institute of Metals Division 
is conducting symposiums on Inter- 
faces and Surfaces, Direct Observa- 
tions of Dislocations, Scale Effects on 
Properties, and Alloy Strengthening 


at Elevated Temperatures. In addi- 
tion, eight sessions will be devoted 
to the presentation of some sixty pa- 
pers based on the submission of ab- 
stracts. The complete technical pro- 
gram appears on page 57 of this 
issue. 

The Institute of Metals 
lecturer on Wednesday, February 
i8th, will be Professor Frederick 
Seitz, University of Illinois, who will 
speak on The Effects of Irradiation 
Upon Metals. The Howe Memorial 
Lecture of the Iron and Steel Divi- 
sion will be presented on Tuesday 
morning, February 17th, with Clar- 
ence E. Sims of Battelle Memorial 
Institute giving his paper on The 
Nonmetallic Constituents of Steel. 
Immediately afterwards, the Iron and 
Steel Division will hold’ its second 
Annual Luncheon and_ Business 
Meeting, and will hear a talk on 
Recollections on Half a Century of 
Steelmaking by J. L. Mauthe, chair- 
man of the board, Youngstown Sheet 
and Tube Co. The Extractive Metal- 
lurgy Division’s annual Stag Lunch- 
eon is scheduled for Wednesday 
noon, February 18th, with Gran- 
ville S. Borden as the speaker. On 
Thursday, February 19th, the First 
Extractive Metallurgy Division Lec- 
ture will be presented by W. J. 
Kroll, consulting metallurgist, who 
will summarize The Present State of 
Titanium Metallurgy. The Annual 
Fellowship Dinner of The Metallur- 
gical Society will be held on Tues- 
day evening, February 17th. 


Division 


Excerpts from The Metallurgical Society Bylaws 


Article 


Section 9. The Nominating Com- 
mittee shall consist of three members 
from each Division, selected by each 
of the Division Nominating Com- 
mittees, one of whom shall be se- 
lected as Chairman by the President. 


Article VIII 


Section 1. The Nominating Com- 
mittee of the Society shall select: 


a. The nominee for Vice Presi- 
dent (the President-Elect) of the 
Society, who automatically _be- 
comes a member of the AIME 
Board of Directors for a_ three- 
year term. 


b. Every third year, the nominee 
for President-Elect of AIME, who 
automatically serves a three-year 
term on the AIME Board of Di- 
rectors successively as President- 
Elect, President, and Past-Presi- 
dent 

c. One nominee to serve as Direc- 
tor of AIME for a three-year term. 
d. Nominees for Directors of AIME 
to fill unexpired terms on the 


Board of Directors should a Direc- 
tor from The Metallurgical Society 
be selected as President-Elect of 
AIME or as Vice President (Presi- 
dent-Elect) of the Society. 


e. The nominee for Treasurer of 
the Society. 


The Nominating Committee shall 
designate two Society members on 
the AIME Board of Directors or 
nominees for the Board of Directors 
to serve as Vice Presidents of the 
Institute for one-year terms 

If a previously elected Vice Presi- 
dent of the Society should become 
unavailable for the Presidency of the 
Society, the Nominating Committee 
shall also designate a nominee for 
President 


Section 2. The names and biogra 
phies of nominees shall be published 
in the July issue of the publication(s) 
of the Society. Any 25 members of 
the Society may submit additional! 
nominations to the Society’s Board 
of Directors for one or more of the 
positions specified in Article VIII, 
Section 1. Such nominations shall 
be submitted not later than August 


15 of each year, and notice of the 
additional nominees for the position 
designated shall then be published in 
the October issue of the publica- 
tion(s) of the Society. 


Section 3. If additional nomina- 
tions are not received by August 15, 
the President of the Society shall 
declare the Nominating Committee's 
nominees to be elected. If additional! 
nominations are received, a_ letter: 
ballot showing all nominees for the 
positions designated shall be sent on 
or about October 1 to all members 
of the Society in the United States, 
Canada, and Mexico. The ballots 
shall be returned within 30 days 
after they are mailed. The incumbent 
President shall appoint a Tally Com- 
mittee to count the ballots, and the 
nominees receiving the plurality of 
ballots for each position shall then 
be declared by the Board of Direc 
tors to have been elected 


Section 4. Vacancies in any office 
of the Society occurring for any 
reason other than the expiration of 
term of election shall be filled by the 
President subject to approval by the 
Board of Directors 
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Thirteenth Annual Off-The-Record Meeting 


In Pittsburgh Covers Many Topics 


The Thirteenth Annual Off-the- 
Record Meeting, sponsored by the 
Pittsburgh Section, AIME, and the 
Engineers’ Society of Western Penn- 
sylvania, was held at the Penn- 
Sheraton Hotel, Pittsburgh, on No- 
vember 7, 1958, with 856 registered 
members and guests attending. The 
meeting featured sessions on a di- 
versity of subjects, with five simul- 
taneous sessions both morning and 
afternoon sponsored by the following 
groups: Coal Division, Institute of 
Metals Group, and Mineral Indus- 
tries Group (all part of the Pitts- 
burgh Section AIME), the Pitts- 
burgh Petroleum Subsection, and the 
Pittsburgh Section of the National 
Open Hearth Steel Committee 

Among the papers of particular in- 
terest to metallurgists given at the 
meeting were the following: Insti- 
tute of Metals—Origin of Textures, 
by H. C. Stumpf, Aluminum Co. of 
America; Use of Levitation Melting 
in Alloy Development, by G. Com- 
enentz and R. T. Begley, Westing- 
house Electric Corp.; and Fabrica- 
tion of Columbium, by H. M. Mc- 
Cullough, Refractomet Division, Uni- 
versal-Cyclops Steel Corp.; National 
Open-Hearth Committee — Perform- 
ance and Properties of Desirable 
Charge Oxides (in three parts: Na- 
tural Oxides, Briquettes and Pellets, 
and Sinter), by D. R. Bailey, Pitts- 
burgh Steel Co., A. G. Dean, Cruci- 
ble Steel Co. of America, and A. J. 
Parke, Jones & Laughlin Steel Corp., 
respectively; Factors Controlling 
Iron Oxide Deposition in Open- 
Hearth Furnaces, by J. H. Chesters, 
The United Steel Companies Ltd., 
Sheffield, England; Progress Report 
on Basic Roof Performance, by C. M 


G. F. SULLIVAN 
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Burks, Weirton Steel Co.; and Effect 
of High Firing Rates (in three parts: 
Operation, Refractories, and Main- 
tenance) by A. L. Gorman, Steel Co. 
of Canada Ltd. J. A. Cerroni, 
U. S. Steel Corp., and C. F. Smith, 
Jones & Laughlin Steel Corp., re- 
spectively. 

Other interesting presentations 
included these items in the Mineral 
Industries Program: a film, Iron Ore 
from the North, presented by the 
M. A. Hanna Co.; a paper on Rare 
Earth Alloy Steels, by W. E. Knapp, 
American Metallurgical Products 
Co.; and a film, Mining for Nickel, 
presented by the International Nickel 
Co 

In addition to technical sessions 
the meeting offered numerous op- 
portunities for informal  get-to- 
gethers, including a luncheon be- 
tween morning and afternoon ses- 
sions, a suppliers’ cocktail party, and 
the Fellowship Dinner, attended by 
more than 400 persons. Toastmaster 
for the dinner, which began at 7:00 
pm, was J. M. Vonfeld, chairman of 
the Pittsburgh Section, AIME. Fol- 
lowing dinner, Mr. Vonfeld presented 
the F. L. Toy Award to W. L. Kerlie 
and J. H. Richards, both of U. S. 
Steel Corp. for their paper entitled, 
Origin and Elimination of Hydrogen 
in Basic Open-Hearth Steels. The 
Toy Award is presented annually at 
the Off-the-Record Meeting by the 
Pittsburgh Section, NOHC—AIME in 
honor of F. L. Toy, a distinguished 
member of the section, and to en- 
courage young men in the field to 
work for recognition. It is awarded 


Symposium to hear 
Editor of 
“The Iron Age” 


George F. Sullivan, Editor of THE 
Iron Ace, will be the luncheon 
speaker at the Mechanical Work- 
ing Committee Symposium to be 
held at the Del Prado Hotel, Chi- 
cago, on Jan 21, 1959. Mr. Sullivan 
will speak on An Insider's Look at 
the Russian Steel Industry. 

This one-day symposium will in- 
clude papers on Factors Affecting 
Shape and Surface Texture of Hot 
and Cold Rolled Products in the 
morning and on Continuous Heat 
Treatment of Fiat Rolled Products 
in the afternoon. The registration fee 
of $12.50 will include lunch and a 
copy of the proceedings. Advance 
registration should be sent directly 
to Phillip H. Smith. La Salle Steel 
Co., P. O. Box 6800A, Chicago 80, 
lil. The complete program was given 
on page 818 of the December issue 
of JOURNAL OF METALS. 


for the best original contribution by 
a representative of Pittsburgh dis- 
trict plants on some subject related 
to facilities, practices, or products, 
and consists of a $100 savings bond 
together with an appropriate certi- 
ficate. 

Following presentation of the Toy 
Award, Leo F. Reinartz, Past Presi- 
dent of AIME, talked briefly about 
the need for supporting the Building 
Fund Drive. He explained why the 
United Engineering Center is needed 
in addition to listing the reasons for 
its location, and urged those in the 
Pittsburgh area to support the drive. 

Next to mount the rostrum was 
Augustus B. Kinzel, President of 
AIME. Dr. Kinzel was enthusiastic in 
his praise for the Pittsburgh meet- 
ing, pointing to it as an example of 
the continuing strength of AIME un- 
der the new organization. 

To introduce the dinner speaker, 
Mr. Vonfeld called upon M. W. Light- 
ner, vice president, U. S. Steel Corp. 
Mr. Lightner outlined the speaker’s 
distinguished career before introduc- 
ing Glenn B. Warren, vice president, 
Turbine division, General Electric 
Co. The topic of Mr. Warren's talk 
was Our Standard of Living—Per- 
sonal and Public. Developing his sub- 
ject historically, the speaker pointed 
out that the printing press had in- 
creased the spread with which 
knowledge could be developed and 
applied. With the industrial revolu- 
tion, following the introduction of 
water and steam power, came engi- 
neering as a profession. Drawing ex- 
amples from well-known situations, 
Mr. Warren showed how the standard 
of living of American society has 
failed to keep up with the rapid gains 
in the standard of living of the aver- 
age individual American. He said that 
we must realize the full potentials of 
the engineering age, and eliminate 
present impediments to full produc- 
tion. Mr. Warren called for greater 
efforts to improve our public stand- 
ard of living, as represented by such 
things as our educational system, 
urban redevelopment, and the na- 
tional highway system. He stressed 
the fact that such efforts are Just as 
important, if not more so, that those 
aimed at raising our personal stand- 
ard of living. 

Mr. Warren’s talk was a well re- 
ceived climax to the Thirteenth An- 
nual Off-the-Record Meeting in 
Pittsburgh. 

Among those whose efforts con- 
tributed to the successful meeting 
were: general chairmen F. M. Rich- 
mond and J. N. Albaugh, general 
vice chairman R. H. Shrut; Pitts- 
burgh Section AIME Officers: chair- 
man, J. M. Vonfeld; vice chairman, 
J. H. Henderson; secretary, R. S. 
Crowell; treasurer, J. H. Melvin; 
Pittsburgh Section NOHC Officers: 
chairman, R. N. Barnhart; vice chair- 


(Continued on page 55) 
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Recent actions taken by the 
Institute Board of Directors. 


® The Metallurgical Society of 
AIME announced that the Institute 
of Metals Division Lecturer in 
February 1959 will be Professor 
Frederick Seitz, department of 
physics, University of Illinois. 


®& The Metallurgical Society an- 
nounced that the IMD Lecturer for 
1960 will be N. F. Mott of Cam- 
bridge University, England. In even- 
numbered years a foreign lecturer is 
invited. 


®& The citation in honor of the 
Jackling Lecturer Ralph S. Archi- 
bald has been approved as follows: 
“A successful career in mining 
geology, consulting work and opera- 
tion of substantial iron ore proper- 
ties, and for his lecture, ‘Economic 
History of the Lake Superior Iron 
District.’ ” 


® The suggested change in the In- 
stitute’s Bylaws and Rules, as pre- 
viously published in the August is- 
sue, was approved, so that hereafter 
the term “Entrance Fee” will replace 
“Admission Fee” in all instances 


® Robert M. Mahoney, AIME’s re- 
presentative of the EJC Air Pollution 
Committee, was appointed as AIME 
delegate at the U. S. Public Health 
Service Conference on Air Pollution 
to be held Nov. 18 to 20, 1958, in 
Washington, D. C. 


® Professor H. U. Ross, Department 
of metallurgical engineering, Uni- 
versity of Toronto, was the winner 
of the Journal of Metals Award for 
1958. His paper is entitled Smelting 
of Titaniferous Ores. The award was 
presented in April 1958. 


®&® The Metallurgical Society an- 

nounced that the F. B. McKune 

Award for 1958 was presented to 
(Continued on page 55) 


Exxplosive Shock Paper 


Mr. Cyril Stanley Smith, profes- 
sor of metallurgy and former Direc- 
tor of the Institute for the Study of 
Metals, University of Chicago, has 
published a paper in the October is- 
sue of TRANSACTIONS of The Met- 
allurgical Society of AIME. The pa- 
per, Metallographic Studies of Met- 
als After Explosive Shock, gives 
added emphasis to the increasing 
importance of explosive forming. 
The forward emphasizes that “met- 
allography promises to be a useful 
tool in studies of shock hydrody- 
namics 


discussion and fellowship. 


Allentown, Pa. 


Call For Semiconductor Papers 


The Semiconductors Committee of the IMD which, with the 
Boston Section, AIME, will sponsor a conference on Properties of 
Elemental and Compound Semiconductors, has issued a call for pa- 
pers to be given during two sessions of the meeting, to be held 
at the Statler Hotel in Boston, August 3lst to September 2nd, 1959. 
The 3-day conference will also 
vited papers and a tour of Massachusetts Institute of Technology 
Lincoln Laboratories, as well as ample opportunity for informal 


Prospective authors are requested to submit proposed titles of 
papers on or before Feb 1, 1959 and abstracts of up to 150 words 
All material should be sent to 
W. C. Hittinger, Bell Telephone Laboratories, 555 Union Boulevard, 


in triplicate by March 1, 1959. 


feature two sessions of in- 


Fall Meeting of NOHC 
Eastern Section Held 


About 250 registrants participated 
in the Fall Meeting of the Eastern 
Section of the National Open Hearth 
Steel Committee in Philadelphia, 
Friday, October 10th, at the Warwick 
Hotel in Philadelphia. 

The first order of business in the 
morning session, following the open- 
ing remarks by Section Chairman G. 
S. Baldwin, Standard Steel Works 
div., Baldwin-Lima Hamilton Corp., 
Burnham, Pa., was the presentation 
of the awards for the prize paper con- 
test run by the section. The first prize 
of $100 went to Fred A. Leslie, Jr., 
Bethlehem Steel Co., Sparrows 
Point, Md., for his paper on Air In- 
filtration Into Fuel-fired Equipment. 
Mr. Leslie presented his paper before 
the group. William Sabolchy’s paper 
on Mold Scrapping Program at John 
A. Roeblings & Sons Corp. took the 
second prize of $50. 

The major part of the morning 
session was devoted to the regular 
technical program, which took the 
form of a panel discussion moder- 
ated by Henry Tear, Washburn Wire 
Co., Phillipsdale, R. I. The members 
of the panel each presented short 
papers, as follows: J. B. Kopec, 
Colorado Fuel and Iron Corp., Roe- 
bling, N. J., Recarburization of the 
Open Hearth Bath; A. V. Leun, 
Bethlehem Steel Co., Bethlehem, Pa., 
Some Applications of Guniting in the 
Open Hearth Department; J. Mad- 
den, Colorado Fuel and Iron Corp., 
Claymont, Del., Open Hearth Waste 
Heat Boilers; Paul Morrow, U. S 
Steel Corp., Fairless Works, Use of 
Steel Roof Centers Fairless 
Works: and H. W. Potter, Lukens 
Steel Corp., Coatesville, Pa., Im- 
proved Mill Yield Through Better 
Mold Design. 

Mr. Kopec’s paper described at- 
tempts to raise carbon levels by 
injecting graphite flakes or powder 
into melts with compressed air and 
summarized the results obtained 
in both cases. The applications of 
guniting in the open hearth depart- 
ment at Bethlehem Steel Co., as 


described by A. V. Leun, are many 
and varied, taking advantage of the 
versatility of this method to effect 
both repairs and regular mainten- 
ance. The brief summary of waste 
heat boiler operation at Claymont, 
Del., presented by Mr. Madden, di- 
rected attention of the group to an 
oft-neglected phase of open hearth 
operation. In his talk on the use of 
steel roof centers at Fairless Works, 
Paul Morrow indicated how this in- 
novation had facilitated open hearth 
rebuilds. Finally, H. W. Potter 
showed how a slight change in slab 
mold design had resulted in a con- 
siderably increased yield from the 
plate mill. Considerable discussion in 
each case, ably moderated by Henry 
Tear, caused the morning session to 
run slightly behind schedule 
Following lunch, however, the 
afternoon session started promptly at 
1:15 p.m. under the direction of co- 
chairmen C. B. Jenni, General Stee! 
Castings Corp., Eddystone, Pa., and 
J. C. MacNeill, Bethlehem Steel 
Corp., Bethlehem, Pa. The first 
speaker on the afternoon agenda wa 
M. F. Yarotsky, U. S. Steel Corp., 
South Works, who presented the 
Latest Report on Russian Steelmak- 
ing. Although much of this talk took 
the form of a_ well illustrated 
travelogue based on Mr. Yarotsky’s 
recent trip to Russia, sufficient time 
near the end of his presentation was 
allotted to a comparison of the 
United States and the USSR with 
regard not only to steelmaking pro- 
gress, but also to general economik 
status of the two powers. The second 
speaker of the afternoon was W. S 
Debenham, U. S. Steel Corp., Pitts- 
burgh, Pa. who talked on the 
Quality and Development of Modern 
Open Hearth Refractories. Mr. De- 
benham was emphatic in his ap- 
proval of the trend toward stand- 
ardization and more scientific eval- 
uation of refractories. He said these 
developments, furthered by users 
and suppliers alike, were bringing 
order out of what had been chaos 
in the field of refractories and their 
applications. To close the afternoon 


(Continued on page 54) 
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NEW MEMBERS 
by the 
THOUSANDS 


@ To maintain its effectiveness, 
your Metallurgical Society must 
continue to include the great ma- 
jority of the professional metals 
men in its membership. This means 
gaining new members by the thou- 
sands to keep pace with the growth 
of the profession. 

@ The 1959 goal of 1,500 new 
members will, when achieved, re- 
sult in greater benefits and more 
services to all members. This sub- 
stantial growth in membership will 
result from every member acknow!l- 
edging his responsibility for taking 
a personal part in the concerted 
drive which is now underway. 

@ Metallurgical Society staff 
members, along with local section 
membership chairmen, stand ready 
to help members gain new mem- 
Pleace Use Handy Form Below bers. Up-to-date application forms 
and descriptive material are avail- 
able from both sources. Help your- 
The Metallurgical Society of AIME, 29 W. 39th St., self to a better professional society 
New York 18, New York —sign up a new member this 
month! 


Gentlemen: 
Count me in on the membership drive. Please help 
me to get new members by doing the following: 


Send new application forms and brochures 
Invite Mr. 
to join AIME at my suggestion. His address is 


My name is: 
Address: 
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Direct Reduction of 
lron Ore, Topic at 
N. Y. Section Meeting 


Dr. Bruce S. Old, vice president, 
Arthur D. Little Inc., Cambridge, 
Mass., was the speaker at the Oc- 
tober meeting, New York Section, 
AIME, on October 23rd. 

Talking on the subject Direct Re- 
duction of Iron Ore, Dr. Old stated 
that no direct reduction process has 
ever been used commercially in the 
United States. In the last decade 
there has been a reversal of the pre- 
vious conclusion that direct pro- 
duction is impractical. The rising 
cost of scrap, adverse effect of fine 
ores on blast furnace practice, the 
increasing use of lower grade ores, 
and the rapid rise in the cost of new 
capital equipment, were some of the 
economic reasons for this reversal. 

Dr. Old briefly described five di- 
rect reduction processes being con- 
sidered by US interests: the R-N 
process, the Madaras process, H-Iron 
process, Nu-Iron process, and the 
Esso Research-Little process. 

“The big problem,” Dr. Old point- 
ed out, “is to present an accurate op- 
erating cost figure. Estimates on cost 
above ore can range between about 
$10 and $20 per ton of product in 
briquetted form. These estimates cer- 
tainly put direct reduced ore in the 
area of serious competition with 
other iron unit charge materials for 
blast furnaces and_ steelmaking. 
Thus, it can be predicted with some 
confidence that direct reduction proc- 
esses will be utilized in certain areas 
in the not-too-distant future.” 


AIME President 
Addresses N. Y. 
Section 


A favorable prognosis of the newer 
and special property metals was 
given by Augustus B. Kinzel, Presi- 
dent of the AIME, in his talk before 
the N. Y. Section, AIME, on Decem- 
ber 3rd. Answering a question about 
the future of such metals as_ beryl- 
lium, lithium, and tantalum, the 
AIME President said that much 
depended upon the properties of the 
individual metals 

Setting a premise that it takes 
time to learn the use of metals, Dr. 
Kinzel indicated that columbium and 
tantalum have good prospects. Beryl- 
lium “is one of those things.” It could 
be used as a moderator in atomic 
piles, but there are many other com- 
peting materials 

Lithium is in a peculiar position, 
he stated. More research is needed, 
but it is potentially a major alloying 
element. A renaissance in tungsten 
as the most useful future high- 
temperature alloy is possible. 

Special emphasis was placed on the 
need for fundamental research by 
Dr. Kinzel. “Research,” he said, “has 
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The Powder Metallurgy Group of 
the New York Section met at the 
Brass Rail Restaurant, New York 
City, on November 12th, to hear a 
talk by Dennis K. Pickens, presi- 
dent of Chemetals Corp., on A New 
Challenge to Pyrometallurgy and 
the Metals Industry. Under discus- 
sion were the chemical precipitation 
and direct rolling of powders and 
its adaptation to commercial copper 
strip. Also described was a new 
technique of producing ferrous and 
nonferrous co-precipitated pow- 
ders. Chemetals Corp. is associated 
with E. W. Bliss Co., Sherritt-Gordon 
Mines, Ltd., and Fluor Corp., Ltd. 
Kempton Roll served as chairman 
of this meeting. 

The Physical Metallurgy Group 
of the New York Section will hold 
its second meeting of the 1958 to 59 
year on January 2lst., at the Poly- 
technic Institute of Brooklyn, N. Y. 
B. D. Cullity, University of Notre 
Dame, will be the featured speaker 
He will discuss Torsional Deforma- 
tion. The program includes a labor- 
atory visit at 2:30 p.m., dinner at 
6:30 p.m., and the lecture at 7:30 
p.m. 

Members of the Pittsburgh Sec- 
tion were treated to a program on 
the Russian iron and steel industry 
at a dinner-meeting sponsored by 
the Section’s Mineral Industry 
Group on Oct. 8, 1958. The guest 
speakers, J. B. Austin, U. S. Steel 
Corp.; N. B. Melcher, U. S. Bureau 
of Mines; and G. Mohling, Allegheny 
Ludlum Steel Corp., were members 
of a 19-man_ delegation which 
had recently made an_ extensive 
tour of the Russian iron and steel 
industry. The illustrated talks were 
presented in the form of a panel 
discussion 

The Increasing Importance of 
Special Metals to Electronics was 
the featured topic at the November 
14th meeting of the St. Louis Sec- 
tion, held at the Hotel York, St 
Louis. Guest speaker, Edward 
Orban, manager of inorganic pro- 
duct development, research and 
engineering div., Monsanto Chem- 
ical Co., discussed the metallurgy 
and uses of the lesser known metals 
and alloys 

The El Paso Section held a 


become organized particularly in the 
last 10 years. People look on it in a 
different light. It is an integral part 
of a business and has to be so re- 
garded.” 

Citing the relative percentages of 
sales dollars spent on research and 
development for different industries, 


joint dinner-meeting with American 
Institute of Electrical Engineers on 
November 12th., in the Hotel Cortez, 
El Paso. Edward Beck, engineer, 
Westinghouse Electric Corp., East 
Pittsburgh works, was the after- 
dinner speaker. He presented a 
travelog on his experiences in Russia 
during an engineering meeting held 
there two years ago 

The Reno Subsection met for 
cocktails and dinner on November 
15th., at the Big Meadow Hotel, 
Lovelock, Nev. A highlight of this 
event was an afternoon tour of 
Eagle Pitcher’s Colado diatom- 
aceous earth plant, east of Lovelock. 
At the dinner, F. J. Mecham, presi- 
dent and general manager, Sierra 
Engineering Co., was a_ featured 
speaker. He discussed iron ore 
beneficiating equipment the 
Buena Vista mining district, Persh- 
ing County. Subsequently J. E 
Fennell, development engineer for 
Eagle Pitcher Co., exhibited photo- 
micrographs of diatomaceous earth. 
Also on the bill for the evening, was 
Keith Papke, geologist, exploration 
dept., Southern Pacific Co., who 
spoke on the mineral potential and 
geologic exploration in the Love- 
lock area 

The Hotel Traylor, Allentown, 
Pa., was the scene of the October 
24th., dinner-meeting of the Lehigh 
Valley Section. The speaker of the 
evening was John S. Nielsen, chair- 
man of the department of metal- 
lurgical engineering, New York 
University. His topic for the night 
was Soviet Metallurgy. 

On December 5th., the Section 
held Ladies Night, at the Lehigh 
Valley Club, Allentown, Pa. The guest 
speaker at this social event was 
Augustus B. Kinzel, AIME President 
Dr. Kinzel spoke on Research From 
Rocks to Radar 

The Morenci Subsection held a 
meeting at the Longfellow’ Inn, 
Morenci, Ariz., on October 28th 
Ralph Johnson, Western Knapp 
Engineering Co., was the featured 
speaker. In his talk, Mr. Johnson 
described the improvements in the 
smelter design and the construction 
of the new Kennecott Copper Corp.'s 
smelter at Hayden, Ariz. (See Re 
porter.) 


the speaker placed the metals in- 
dustry percentage at about 1.0 pct, 
below that of the aircraft, pharma- 
ceutical, electrical, and chemical in- 


dustries 
Commenting that his statements 
were of a personal nature and did 
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R. S. BUSK 


Dow Award Bestowed 
to Dr. R. S. Busk 


Dr. Robert S. Busk was recently 
awarded the 1958 William H. Dow 
Memorial Award for research in the 
field of magnesium 

The award was presented to Dr. 
Busk in “recognition of his outstand- 
ing leadership and invention in the 
field of pellet metallurgy, specific- 
ally for magnesium-alloy extru- 
sions 

Established in 1949, in memory of 
the company’s late president and 
son of its founder, the award is given 
annually to a member or members 
of the magnesium products depart- 
ment of Dow Chemical Co 

Dr. Busk is head of the metal- 
lurgical department of the company, 
a position he has held since 1956 


Conference and Show 
Featured at Plant 
Engineering Program 


The Plant Maintenance and Engi- 
neering Conference program will 
take place in Cleveland, January 26 
to 28, and will include a plant main- 
tenance & engineering show from 
January 26 to 29 inclusive 

A broad revision of topics will be 
the feature of the conference with 
ten round-table sessions devoted to 
the special problems of individual 
industries. Other sessions will be 
devoted to nuclear industry, as- 
sembly plants, and the abrasive 
products industry 

Also included are discussions on 
Arc Welding in Maintenance, Main- 
tenance in Metal-Working and Metal- 
Fabricating Plants, Maintenance in 
Nuclear Plants, and Maintenance in 
Foundries. 


Recent EJC News 


1958 Surveys The EJC (Engineering 
Joint Council) is now completing a 
study of engineering salaries, with 
the final report more comprehensive 
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than the 1956 survey, and containing 
over 650 organizations. It will con- 
tain data on twenty industrial ac- 
tivities on various levels of govern- 
ment and engineering education. 
Also included will be special tables 
presenting data for engineers hold- 
ing Masters and Doctorate degrees. 
Advance orders for publication 
are now being accepted. Contact: 
EJC, 29 West 39 Street, New York 
18, New York; Price $3.00. 
Demand For Engineers The annual 
study by the EJC on Demand for 
Engineers is near completion. The 
report will appraise current indus- 
trial and governmental needs for 
engineers, and will contain other 
significant data on engineering em- 
ployment from organizations em- 
ploying over 200,000 engineers. 
EJC-ECPD A joint committee was 
established in order to promote 
greater affiliation between EJC and 
ECPD by the Board of Directors. 
The committee will review plans 
for an amalgamation and consolida- 
tion of the two 
New EJC Member The South Caro- 
lina Society of Engineers was ac- 
cepted as an affiliate member by the 
Board in September. Total member- 
ship for EJC is now 20. 


Stress Corrosion 
Conference Session 


The program published in the De- 
cember JOURNAL oF Metats for the 
Conference on Stress Corrosion 
Fracture, to be held in Pittsburgh 
at Mellon Institute on April 2nd 
and 3rd, inadvertently omitted a ses- 
sion on Physical Metallurgical As- 
pects of Stress Corrosion. This will 
be given at 9 am on April 3rd. The 
complete program for this session 


follows: 
9:00 am 
Session IIl-Physical Metallurgical 
Aspects of Stress Corrosion 
Chairman: 
F. L. LaQue, Development and 


Research div., International Nickel 

Co. 

Stress Corrosion Cracking of Single 
Crystals of Stainless Steel: H. W. 
Paxton, Metals Research Labora- 
tory, Carnegie Institute of Tech- 


nology. 

Electrochemical Aspects of Stress 
Corrosion: H. J. Engell, Max 
Planck Institut fiir Eisenfor- 
schung, Diisseldorf, Germany. 

Dependence of Stress Corrosion 


Cracking Susceptibility on Age- 
Hardening in a Copper-Nickel- 
Silicon Alloy: W. D. Robertson, 
Department of Metallurgy, Yale 
University; E. G. Grenier, W. 
H. Davenport, and V. F. Nole, Re- 
search Laboratory, Chase Brass 
and Copper Co. Inc 

Mechanisms of Stress Corrosion of 
Stainless Steels and Other Mate- 
rials by High Temperature Chlo- 
ride Waters and by Hot Salts: 


M. G. Fontana, 


Department of 
Metallurgy, Ohio State University. 
Physical Metallurgy of Stress Cor- 


rosion Fracture: P. G. Bastien, 

Societe des Forges et Ateliers du 

Creusot, Paris. 

The session listed as Session III 
in the December article will be 
given at 2:30 pm on April 3rd rather 
than 9 am. It will also include a pa- 
per on Stress Corrosion Cracking in 
Low-Carbon Steel, by H. L. Logan, 
metallurgy div., National Bureau 
of Standards. 

Inquiries regarding pre-registra- 
tion should be directed promptly to 
the Chairman of the Arrangements 
Committee, Professor William R. 
Bitler, Department of Metallurgical 
Engineering, Carnegie Institute of 
Technology, Pittsburgh 13, Pa. 


NOHC Fall Meeting 
(Continued from page 51) 


technical session, F. E. Bird, Jr., 
Lukens Steel Co., Coatesville, Pa., 
described New Approaches to Head 
and Eye Injury Prevention in Open 
Hearth Operations. Mr. Bird told 
how a carefully thought-out and im- 
plemented safety program is being 
effected at Lukens Steel Co. with 
considerable success. 

Many of those present during the 
technical sessions remained to take 
part in the social programs which 
are an integral part of Open Hearth 
meetings. Following a reception, the 
annual Fellowship Dinner was held, 
starting at 7:00 p.m. The featured 
speaker of the evening was Leo F. 
Reinartz, Armco Steel Corp., Middle- 
town, Ohio, who delivered an abbre- 
viated version of his extensive paper 
describing 100 Years of Progress im 
Basic Open Hearth Steelmaking. 

Among those responsible for ar- 
ranging the meeting were G. S. Bald- 
win, Chairman, Eastern Section, G. 
M. Hagenberger, Secretary-Treas- 
urer of the Section, Standard Steel 
Works div., Baldwin-Lima Hamil- 
ton Corp., Burnham, Pa., and mem- 
bers of the suppliers’ committee: 
Chairman J. W. Corriston of E. J. 
Lavino and Co., Vice Chairman C. L. 
Corson, G. and W. H. Corson, Inc., 
L. U. Park of Park and Williams Co., 
J. J. Edmiston of U. S. Graphite Co., 
A. E. Bickele of General Refractories 
Co., R. F. Babcock of Linde Co., div. 
of Union Carbide Corp., and H. 
Kenworthy of R. L. Batteiger Co. 


WAAIME Scholarships 


Scholarship activities of the past 
five years have been reported by the 
Woman’s Auxiliary-to the AIME. The 
WAAIME Educational Fund has 
given excellent support to the Insti- 
tute in this field of scholarships. 

Local scholarships granted by the 
WAAIME Sections show an impres- 
sive record. The Arizona-Tucson 
Section has awarded 12 scholarships 


| 


for a total of $3000. The California- 
Northern Section granted $500 dur- 
ing the last five years, plus $1000 
awarded last year. Colorado-Denver 
Section has given $3990 in scholar- 
ships, plus $365 last year. Colorado 
San Juan Section gave four scholar- 
ships totaling $325, and one last 
year for $105. The Illinois-Chicago 
Section has awarded one scholarship 
for $750. The Missouri-St. Louis Sec- 
tion has given four’ scholarships 
totaling $800. The New York City 
Section has given in scholarships an 
aggregate of $4465, including $900 
divided among three awards last 
year. 

The Peru-Lima Section awarded 
nine scholarships for approximately 
$1560 during the last five years, ex- 
clusive of last year’s four awards 
totaling about $240. Pennsylvania- 
Pittsburgh Section donated $2800 in 
11 scholarships, and one $1000 award 
last year. Texas-E] Paso Section gave 
five scholarships that totaled $850, 
plus three last year totaling $725. 
Utah-Salt Lake City Section gave 
eight scholarships over the years for 
a total of $2000. 

The Cleveland Section reports that, 


in addition to three scholarship loans, 


for $300, $110, and $350, they have 
contributed to the Cuyahoga County 
Nursing Home and the Inner City 
Parish. These excellent local proj- 
ects are a sample of WAAIME’s fine 
work. 


Pittsburgh Meeting 
(Continued from page 50) 


man, E. E. McGinley; secretary, E. B. 
Snyder; treasurer, J. H. Smith; past 
chairman, D. L. McBride; Suppliers’ 
Committee: H. R. Loxterman, chair- 
man, P. A. Gaebe, E. B. Shaw, Rob- 
ert Wright, N. F. Tisdale, Jr., T. A. 
Hayden, and E. T. McKeon; and 
chairman of presentation, J. G. Bas- 
sett. 


Nuclear Fuels Brochure 


Sylvania-Corning Nuclear Corp. 
has announced a new 24-page bro- 
chure titled Nuclear Fuels: Key to 
Reactor Performance. 

Divided into three principal sec- 
tions, the book contains an intro- 
ductory section on the Aspects of 
Reactor Design, a section on details 
of reactor fuels, including solid 
fuel element’s composition and de- 
sign, and a third section on typical 
reactors and their fuels, including 
those termed historically significant 
reactors, as well as some recently 
built reactors. 

Printed in two colors and fully 
illustrated with photographs and 
detailed line sketches, it may be 
obtained by writing the Sylvania- 
Corning Nuclear Corp., Bayside. 
N. Y. 


N. Y. Meeting 


(Continued from page 53) 


not necessarily reflect the views of 
Union Carbide Corp., of which he 
is a vice president, Dr. Kinzel in- 
ferred a relationship between re- 
search and growth in any particular 
industry. Titanium, columbium, tan- 
talum, germanium, and_ selenium 
have developed into useful metals 
because of extensive research. 
“You've got to think broadly and 
not let a decade stand in your way,” 
he declared. Fundamental research 
should account for between 30 and 
40 pct of total research. Given time 
—in some cases as much as 15 to 20 
years—plus serendipity, or luck, it 
will pay off in the long run. 

Dr. Kinzel concluded his talk with 
a review of AIME activities and a 
recap of the efforts to unite the pro- 
fessional engineering societies. 


Board of Directors 


(Continued from page 51) 


R. W. Joseph and L. J. Trilli for 
the paper A Study of Wall Erosion 
in Wide Slab Molds. 


The Metallurgy Society an- 
nounced that the Open Hearth Con- 
ference Award for 1958 was pre- 
sented to R. E. Stoll and E. C. Ru- 
dolphy for the paper Effect of Noz- 
zle Characteristics on Steel Pour- 
ing Streams. 


& The Society of Petroleum Engi- 
neers of AIME has a 30-min sound 
film strip on student guidance at the 
high school level. Preparations are 
being made for the other two So- 
cieties to print such a film strip if 
possible. 


®& The formation of the Golden 
Gate Petroleum Subsection of the 
San Francisco Section was approved. 


® Augustus B. Kinzel announced 
that the Hal Williams Hardinge 
Award Committee had selected Dr. 
Oliver Bowles posthumously as the 
first recipient. 


® Clark L. Wilson, Chairman of 
the Saunders Gold Medal Committee, 
announced that the recipient of the 
award in 1959 will be John B. Knae- 
bel. The citation in his honor reads: 
“For his versatility and courageous 
leadership in pioneering, exploring, 
developing and managing highly 
successful mining ventures as a 
leader among men—yet one of them.” 


F.R. Jones, mine superintendent, 
MacIntyre Development, Titanium 
Div., National Lead Co., has been 
selected as the recipient of the 


(Continued on page 56) 
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Building Fund 
Drive Shows 
Strong Support 


The United Engineering trustees 
have announced that as of Decem- 
ber 16th, 274 pledged contributions 
from industry total $3,818,708 toward 
the United Engineering Center 
Building Fund. The mining, metal- 
lurgical, and petroleum industries 
are particularly well represented 

In addition to the results obtained 
by Louis S. Cates and H. De Witt 
Smith in the nonferrous mining and 
metallurgical industries—mentioned 
in previous issues—JOURNAL OF MET- 
ALS readers will be interested to 
read that the activity of Leo F. 
Reinartz and his associates measura- 
bly aided the pledging of approxi- 
mately half a million dollars from 
the steel industry. 

Reports from AIME sections in- 
dicate constant attention being given 
to the building fund drive. 

The Utah section was the first to 
reach its goal. On December 16th, 
records at AIME headquarters 
showed that 100 Section members 
had pledged $8955—109 pct of the 
goal allocated to the Section. Many 
members of this Section have not 
yet been approached. The excellent 
results stem from the organization of 
the campaign directed by Norman 
Weiss, and reflect the enthusiasm of 
his co-workers. 

Two petroleum sections that have 
exceeded their goals are the Gulf 
Coast section ($25,190 from 785 mem- 
bers) and the New York section 
($8165 from 30 members). The Tri- 
State section, with only 76 members, 
reached its goal early in December. 

Other Sections are active: tele- 
graph reports indicate that the Penn- 
sylvania Anthracite, Uranium, and 
Montana sections have met their tar- 
gets; St. Louis, Ohio Valley, and Col- 
orado Plateau are well on their way 

In spite of these excellent reports, 
the AIME as a whole, with 34 pct 
of its $500,000 membership quota ob- 
tained at mid-December, was lagging 
behind all but one of the other so- 
cieties in percentage of quota at- 
tained. Many AIME members have 
not yet been approached, but every- 
one will have a chance to help build 
the new home of the engineering 
professions before the campaign 
closes. 


tk 
: 
60 
PCT OF QUOTA = 
ac 
7 
2 AIME 4 
PCT OF QUOTAS 
AN FEB MAR APR MAY JUNE SEPT OCT NOV DE 
faa big 
a 
i 
| 
3 
; 
; 
2 
; 
an 


Board of Directors 
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Peele Award in February 1959 for 
his paper More Rock Per Dollar 
from The Maclntyre Pit, Mining 
Engineering, April 1956 


®& The following resolution was un- 
animously voted (at the September 
i9 meeting) Resolved, that the 
Board of Directors of the American 
Institute of Mining, Metallurgical, 
and Petroleum Engineers unani- 
mously agrees that the Utah Local 
Section has done an outstanding job 
in its arrangements for this meeting. 

Further, the Board wishes to ex- 
press its thanks and appreciation for 
the successful outcome of the efforts 
involved 


OBITUARIES 


Merton W. Sage (Member 1923) died 
at his Bronxville home on Nov. 11, 
1958. Mr. Sage, a patent attorney and 
partner in the law firm of Pennie, 
Edmonds, Morton, Barrows & Taylor, 
graduated from Massachusetts Insti- 
tute of Technology with a degree in 
engineering in 1907. After gradua- 
tion he entered the Georgetown Uni- 
versity School of Law and worked 
with Sage Bros. Co. for one and one 
half years, and for the U. S. Patent 
Office as an assistant examiner 
handling applications for patents in 
the field of metallurgy for another 
two and a half years. He then joined 
the patent department of the Gen- 
eral Electric Co. at Schenectady 
N. Y. and was on the staff there for 
six years. In 1917, Mr. Sage entered 
the law firm of Pennie, Davis, Mar- 
vin & Edmonds, as a specialist in 
metallurgical affairs. At the time of 
his death Mr. Sage resided in 
Bronxville, New York. 


Roger L. Strobel (Member 1918) 
died in Portland, Ore. at the age of 
75. He was a former superintendent 
of Asarco’s East Helena, Mont. plant 
and was associated with Linde Air 
Products of Salt Lake City. 


John S. Stewart (Member 1916) 
passed away in New York City on 
Oct. 14, 1958 after a brief illness. A 
graduate of the University of Mis- 
souri School of Mines, he started his 
career with the American Smelting 
and Refining Co. in Omaha, Neb., 
then moved on to the Russia Asiatic 
Ltd., in Siberia, Russia. From there 
he went to work for the Kingdom 
Mining & Smelting Co. at Galetta, 
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Ont; he later joined the Union 
Miniere du Haut in Katanga, Belgian 
Congo. While working at Trepeca 
Mines Ltd., London, as a consulting 
metallurgical engineer, he helped in 
the design and operation of a scotch 


MEMBERSHIP 


J 


Proposed for Membership 
Metallurgical Society of AIME 
Total AIME membership on Nov. 1, 1958 
was 30,815; in addition 3,279 Student mem- 
bers were enrolled 


ADMISSIONS COMMITTEE 


J. H. Scay, Chairman; Alfred Bornemann; 
F. B. Foley; T. D. Jones; L. L. Seigie; J. M. 
Warde; H. K. Work 

The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to review this list as soon as pos- 
sible and tmmediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership. 


Members 


Vernon E. Anderson, Chicage, Ill 
Lloyd E. Bebler, Hammond, iad 

Borje E. Bergsman, Vasteras, Swed 
William A. Black, Cleveland, Ohio 
Bernard S. Borie, Oak Ridge, Tenn 
Robert E. Burket, Brackenridge, Pa 
Robertson F. Compbell, Monroeville, Pa 
Fred M. Charles, Portland, Ore 

John H. Coobs, Oak Ridge, Tenn 
Georges Delaunay, Paris, France 
Frazier M. Douglass, Birmmgham, Ala 
Gladys E. Dunkle, Washington, D. C 
Harry A. Durney, Jr., Bedford, Ohio 
Donald W. Evans, Montreal, Can 
Irving D. Feinland, Belle Harbor, N. Y 
Frank M. Fisher, Chicago Hts., Ill 
William J. Fulton, Keokuk, Iowa 
Michael J. Hughes, Jr., Seattle, Wash 
George O. Johnstone, Houston, Texas 
Enos L. Key, Mexico, Mo 

Ralph C. Kirby, College Park, Md 
William C. Kollmann, Industry, Pa 
Daniel E. Krause, Columbus, Ohio 
Richard H. Lambert, Pittsburgh, Pa 
Achille G. Lefebvre, Brussels, Bel 
Kenneth C. Lowstetter, Hartford, Conn 
Samuel J. Manganello, Monroeville, Pa 
James E. Minor, Richland, Wash 

John S. Rinehard, Golden, Col 

Felix A. Schaufelberger, Basel, Switzerland 
James A. Shea, Gary, Ind 

Emlyn N. Smith, Latrobe, Pa 

George D. Storm, Colonia, N. J 

Car! P. Stroble, Tarentum, Pa 

Max J. Trzeciak, Columbus, Ohio 
Joseph H. Tuck, Port Colborne, Can 

H. Austin Tucker, Washington, D. C 
Thomas L. Van Zandt, Seattle, Wash 
Walter L. Vaughan, Chicago, Ill 
Robert C. Weir, Clarkson, Can. 


hearth smelter and lead refinery in 
Zvecan, Yugoslavia. In 1948 he 
developed an improved blast furnace 
known as the Stewart Inverted-bosh 
Furnace. At the time of his death, 
Mr. Stewart was 69 years old. 


Associate Members 
Victor Besso, New York, N. Y 
Todd L. Kolb, Detroit, Mich 
Bruce D. Orr, Pittsburgh, Pa 
Michael Savitske, Youngstown, Ohio 
Griffith E. Thomas, Niles, Ohio 


Junior Members 

Charles W. Allen, Notre Dame, Ind 
Brian S. Berry, Yorktown Heights, N. Y. 
George Carlbert, Monacat, Pa 
Irving Clock, East Chicago, Ind 
James L. Golding, Valparaiso, Ind. 
Lloyd A. Heldt, Philadelphia, Pa 
Carter R. Kelly, Seattle, Wash 
Louis W. Lherbier, Cuddy, Pa 
Norman R. Lindblad, Chicago, ll 
Lawrence A. Neimark, Lemont, Ill 
Harold M. Priestly, Pittsburgh, Pa 
Raymond C. Stoll, Chicago Heights, Il) 
John R. Wynnyckyj, Copper Cliff, Can 

REINSTATEMENT MEMBER 
Charles D. Preusch, Harrison, N. J 


REINSTATEMENT—CHANGE OF STATUS 
Junior to Member 
Paul D. Gorsuch, Scotia, N. Y 
Edward A. Kachik, Wilmington, Del 
CHANGE OF STATUS 
Student to Member 
Robert Y. Scapple, Los Angeles, Calif 
Associate to Member 
John P. McCune, Chicago, Il 
Junior to Member 
Jean F. Petit, S.erO., France 
Special Reinstatement 
W. D. Carleton, Ann Arbor, Mich 


NECROLOGY 


Date Date of 
Elected Name Death 


1940 Mason L. Bingham Sept 4, 1958 
1930 George H. Corey Nov 11, 1958 
1928 G. P. Crutchfield June 10, 1958 
1953 E. D. Flournoy Unknown 
Laurence F. Hearne 1956 
H. W. Hentschel Oct 20, 1958 
W. D. Hubler Sept. 20, 1958 
J. E. Jewell July 9, 1958 
Fred T. Mathews Unknown 
Merton W. Sage Nov 11, 1958 
John S. Stewart Oct 14, 1958 
Roger L. Strobel Unknown 


PROFESSIONAL SERVICES 


MAX STERN 


Consulting Engineer 
Expert for Scrap Recovery and Ship- 
wrecking— Modernization of Plants 
and Yards for Ferrous and Nonferrous 
Metal Scrap 


10 East 40th St. New York 16,N. Y. 


OR. E. TSUTSUMI 
Registered Japanese Patent Attorney & 
Consulting Engineer 
PATENT MATTERS handied .. . TECH- 
NICAL TEXT translated from Japanese 
into English or vice versa: 2¢ an English 
word 


Central P.O. Box 1545 Tokyo, Japon 


H. L. TALBOT 
Consulting Metallurgical Engineer 


Extraction and Refining of Base Metals 
Specializing in Cobalt and Copper 


Room 911, 209 Washington St. 
Boston 8, Mass. 


EDWARD G. VOGT 
Consulting Chemical-Metallurgical Engineer 


Applied Statistics 
Experimental Designs Data Analysis 


1130 Woodlawn Street, Bethel Park, Pa. 
Telephone: TEnnyson 5-524] (Pittsburgh) 
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SUNDAY, FEBRUARY 15, PM 


Met. Soc. 

Current Issues in Metallurgical Education 
(Arranged by the Committee on the Metallurgical 
Profession and the Education Committee of 

The Metallurgical Society) 
2:00 pm St. Francis Hotel 
J. E. Dorn, Chairman 
Orthodoxy, Heterodoxy, and Metallurgical Education: 
R. F. Mehl, Carnegie Institute of Technology. 
The Future of Process Metallurgy: T. B. King, Massa- 
chusetts Institute of Technology. 
Education in Materials Engineering: R. A. Flinn, Uni- 
versity of Michigan. 


Italian Room 


Council of Education 
Social Hour 
5:00 pm Sheraton Palace Hotel Rose Room 


Council of Education 
Buffet Dinner 


6:00 pm Sheraton Palace Hotel Rose Room 


Council of Education 
Technical Session 
8:00 pm Sheraton Palace Hotel Concert Room 
Speaker: Edward Teller, University of California. 
Subject: Peaceful Uses of Nuclear Explosives. 


Annual Meeting — Technical Program 


The Metallurgical Society of AIME 


February 15 to 19, 1959, St. Francis Hotel, Sheraton-Palace 


Hotel, San Francisco 


TUESDAY, FEBRUARY 17 
Met Soc Social Hour 


6:00 pm St. Francis Hotel Colonial Room 
(Cocktails available) 
Met Soc Annual Dinner 
7:00 pm St. Francis Hotel Colonial Room 
W. R. Hibbard, Jr., President, Presiding 

Speaker: Robley C. Williams, Assistant Director, 
Virus Research Laboratory, University of Cali- 
fornia. 

Subject: Structural Studies of Viruses. 


MONDAY, FEBRUARY 16, AM 


IMD 
Symposium on Interfaces and Surfaces 


9:30 am St. Francis Hotel California Room 


G. M. Pound, Chairman 


Thermal Grooving of Grain Boundaries: W. W. Mullins 
and P. Shewmon, Westinghouse Electric Corp. 


Grain Boundary Energies of Metals: N. Gjostein, 
Thompson Ramo Wooldridge, Inc., and F. N. Rhines, 
Carnegie Institute of Technology. 


Impurity and Surface Effects on Grain Boundary Mi- 
gration: C.G. Dunn and K., T. Aust, General Electric 
Co. 
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| MONDAY, FEBRUARY 16, AM 


IMD 
Research Summaries on Interfaces 
and Surfaces (1) 


(Based on Submission of Research Abstracts) 


9:30 am St. Francis Hotel Borgia Room 
R. R. Hultgren, Chairman 


Yield Phenomena in Magnesium Single Crystals Con- 
taining Nitrogen: Doyle Geiselman, Electro Metal- 
lurgical Co., Div. of Union Carbide Corp., and A. G. 
Guy, Purdue University 


Single crystals were grown from high-purity magnesium contain- 
ing known amounts of nitrogen in the range 0.0008 to 0.0048 wt 
pet N. Crystals of known orientation were tested in tension in an 
Instron machine to determine the yield strength and to observe 
whether a yield point occurred. The strength of the slowly-cooled 
crystals remained constant over the entire range of nitrogen con- 
tent while the strength of the solution-treated and quenched crys- 
tals increased with an increase in nitrogen content. Slowly-cooled 
erystals or those given a solution heat treatment did not show a 
yield point. However, crystals that were aged following a solution 
treatment showed a yield point for all of the nitrogen contents 
studied. The yield point disappeared with further aging and strain- 
ing, but more rapidly than with just aging for a comparable period. 
It was concluded that nitrogen caused the yield point by the Cottrell 
mechanisn 

The maximum solid solubility of nitrogen in equilibrium with 
magnesium nitride was estimated to be 0.0048 wt pct 


Cyclic Straining and Fatigue of Metals: L. F. Coffin, Jr. 
and J. Tavernelli, General Electric Co. 


The resistance of metals used in engineering structures to defor- 
mation and fracture under conditions of unidirectional loading has 
been studied in detail for many years. The mechanical resistance of 
metals to cyclic loading is equally important, but the attention given 
to this problem is nowhere as great. In particular, there is little in- 
formation available for the behavior of metals where the level of 
reversed cyclic stress is large, such that cyclic plastic strains of some 
magnitude are produced. This is of particular importance in the 
case of thermal stress fatigue where failure can occur as a conse- 
quence of comparatively few cycles of thermally induced mechan- 
ical deformation. There are numerous applications in the mechan- 
ical working of metals where the knowledge of cyclic strain be- 
havior is also important 

The deformation and fracture characteristics of eight metals 
subjected to fully reversed cyclic strain has been investigated. It is 
found that the strain hardening characteristics of these metals can 
in part be predicted from the monotonic stress-strain behavior but 
that many of the effects observed are unique to cyclic strain. With 
respect to the deformation resistance of the metals under cyclic 
strain, each metal exhibits its own peculiar hardening character- 
istics associated with the effect of the cyclic straining process on 
the internal structure of that metal. Some of these metals have been 
cyclically strained after monotonic deformation. The cyclic strain 
removes part of the effect of prior deformation, and restores the 
metal to that state which it would have achieved for the equiva- 
lent amount of cyclic strain in the absence of the initial deforma- 
tion. Fatigue failure most often limits the process from achieving 
this equilibrium state 

The inverse relationship between plastic strain range and the 
square root of the number of cycles to failure has been verified in 
the case of 2S aluminum and AISI type 347 stainless steel for 6 
decades of cycles of strain, ranging from ‘% to 2 x 10° cycles. Other 
metals tested support this relationship, although some deviation is 
found in the case of OFHC copper at low strain. An abrupt devi- 
ation from this relationship at low strain is observed for the two 
aluminum alloys examined 


Deformation of Lithium-Magnesium Alloy Single Crys- 
tals: S. K. Tung and R. Maddin, University of Penn- 
sylvania. 

Magnesium-Lithium alloy single crystals (30, 45.6, and 52.4 at. 
pet Li) were extended at temperatures from 200 to 190°C. The 
slip planes, determined at various stages of deformation from stere- 


ographic analysis of the slip traces, yielded results which could not 
be represented as low indices planes. Slip occurred always in the 
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111> directions. Observations of the slip traces and Laue reflec- 
tions were made during the deformation. 


The shear stress plotted against temperature at constant compo- 
sition decreases linearly with increasing temperature and becomes 
approximately horizontal at the elevated temperatures. The variation 
of yield stress with temperature is discussed in terms of a theory 
due to Seeger, which permits the calculation of the energy for the 
intersection of screw dislocations. These are calculated for the alloy 
compositions used in the present investigation. 


Effects of Grain Boundaries in Tensile Deformation at 
Low Temperatures: R. L. Fleischer and W. A. Back- 
ofen, Massachusetts Institute of Technology. 


Effects of grain boundaries on deformation were examined by 
tensile tests on aluminum single crystals, bicrystals, and polycrys- 
talline specimen at 4.2, 77, and 295°K. Low temperatures are of 
particular interest for aluminum because at least three well-defined 
stages of deformation can be encountered, and observations may be 
made of effects of grain boundaries on the different deformation 


processes 


It was demonstrated that the compatibility considerations that 
have been reasonably successful in explaining room temperature 
grain boundary effects find even more direct application at lower 
temperatures. The slope and extent of the easy glide region (stage 
1) were found to be strongly altered by the grain boundary. On the 
other hand, a marked similarity was observed in work hardening 
rates at low temperatures for all test specimens in the linear-hard- 
ening stage 11; this is a strong indication that the same work hard- 
ening process is of importance for this stage in both single crystal 
and polycrystal specimens. Except at room temperature, the start 
of stage 111 appears not to be affected by a grain boundary. 


Estimates of the width of the region of multiple slip at an im- 
compatible grain boundary agreed at 4.2, 77, and 295°K. For narrow 
samples, slightly more than half of the specimen was concluded to 
have undergone multiple slip. Based on this result, a relationship 
has been suggested for the width of the multiple-slip region as a 
function of crystal dimensions. 


Influence of an Electrolyte on Deformation Character- 
istic of Aluminum Single Crystals: I. R. Kramer and 
L. J. Demer, Rias, Inc. 


Aluminum single crystals were deformed in tension in a chemi- 
cal polishing bath and their behavior was compared with that of 
similar crystal deformed in water heated to the same temperature 
Back reflection Laue patterns, stress-strain curves and slip line 
studies were carried out. For the specimens strained in the polishing 
bath, Laue spots did not exhibit asterism until about 8 pct strain 
had been reached. In comparison, asterism appeared at much lower 
strains for specimens tested in water. These observations provide 
evidence that the oxide coating on the aluminum crystals caused a 
dislocation pile-up at the surface rather than preventing disloca- 
tions sources at the surface from acting. Slip line observations re- 
vealed that a greater amount of cross slip had occurred in the speci- 
men tested in the water. For the specimens tested in the polishing 
both the work-hardening coefficients of stage I and stage II were 
lower than those obtained for the specimens tested in water. 


Effect of Cold Work on the Electrical Resistivity of 
Copper Solid Solution Alloys: W. R. Hibbard, Jr., 
General Electric Co. 


Measurements of stress and strain during tensile deformation at 
78°K and after subsequent recovery treatments suggest that, in 
solid solution alloys, the higher strength is primarily associated with 
1) higher yield stress and, 2) the presence of additional or more 
effective dislocation barriers in the initial structure, rather than 
the more rapid or effective generation of dislocation barriers for a 
given strain during strain hardening. The charactertistics of these 
dislocation barriers cannot be determined from the experiments, 
but the alloys may contain: a) more dislocations or slower moving 
dislocations; b) more vacancy-solute atom combinations; c) smaller 
substructure; d) localized structure effects such as clustering, short 
range order, etc 


Measurements of resistivity and strain during tensile deformation 
at 78°K and after subsequent recovery treatments can be interpreted 
as follows: 1) more stable point defects occur in the alloys, i.e., the 
same number are produced in both copper and the alloys but more 
remain in the alloys; 2) the interaction of the point defects with 
solute atoms enhances the scattering power of the solute atoms. 


Effect of Stress Upon the Recovery and Effect of Nega- 
tive Strain Upon the Yield Point of Zinc Single Crys- 
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tals: J. V. Rinnovatore, The Electric Storage Battery 
Co., and Norman Brown, University of Pennsylvania. 


Zine single crystals were deformed by pure shear to determine the 
effect of a stress upon recovery at 50°C. It was found that 
neither a forward nor a reverse stress in the elastic region affected 
the rate of recovery. A forward stress beyond the yield point de- 
creased the rate of recovery, and a reverse stress in the plastic 
region increased the rate of recovery. It was concluded that the rate 
of dislocation climb determines the rate of recovery. 

The process by which a forward stress greater than the instan- 
taneous yield point decreases the rate of recovery is readily ex- 
plained. Considering that recovery is a process of annihilation of 
dislocations, a stress large enough to generate dislocations will, in 
effect, decrease the net amount of recovery. The effect of a large 
negative stress increasing the amount of recovery is based on the 
assumption that this stress is sufficiently large to activate the source 
in sending out dislocations of opposite sign, causing annihilation 
of the previously piled up array. 

In order to test the validity of this proposal, a reverse strain was 
imposed on the crystal at 72°C to determine its effect on the sub- 
sequent yield point in the original direction. The observed decrease 
in yield point with increasing reverse plastic strain was attributed 
to an annihilation process 

Calculation of the distance between major obstacles to slip in zinc 
single crystals, based on the data, gives a value in the order of 
10—* in. 


Plastic Deformation of Aluminum Multicrystals: C. El- 
baum, Harvard University. 


Aluminum multicrystals, each consisting of two, three or four 
crystals of a well defined geometry, were plastically deformed in 
tension at room temperature. The multicrystal specimens were 
divided into two categories defined by the orientations of the com- 
ponent crystals with respect to each other. In the first category the 
orientations were choosen in such a way that there was macroscopic 
compatibility of deformation at the grain boundaries. The axial ori- 
entation of each component crystal of a specimen was the same and 
such that it would be expected to deform on one slip system if it 
were not part of the multicrystal. In the second category the com- 
ponent crystals were of the same orientation as above, but they 
were oriented with respect to each other in such a way as to pro- 
duce the maximum incompatibility of deformation at the grain 
boundary. The results, and particularly the difference in behavior 
of the two categories, are interpreted in terms of the geometrical 
variables of slip and the different dislocation configurations arising 
in the two cases. The work hardening of the two categories of 
multicrystals is compared with the work hardening of aluminum 
single crystals of various orientations, in an attempt to correlate the 
plastic deformation of polycrystalline materials to that‘of single 
crystals. 


Effect of Grain Size, Strain Rate, and Temperature on 
the Yield Point of Columbium: E. S. Tankins and R. 
Maddin, University of Pennsylvania. 


The yield stress of solid-state purified columbium has been evalu- 
ated in the temperature rante 298 to 90°K as a function of grain 
size and strain rate. 

A plot of log stress vs log strain rate results in a linear relation- 
ship which fits the equation 


Cy A + Bie)" 


where cy is the yield stress, A and B are constants, ¢ is the strain 
rate and n, the strain rate coefficient. The parallelism between the 
curves indicates that the strain rate sensitivity is independent of 
grain size. 

A discontinuous yield point was observed in the temperature 
range 298 io 210°K. Below 200°K the yield is no longer discontin- 
uous, i.e., it has no lower yield point. The discontinuous yield point 
observed above 200°K is typical of other bec metals. Unloading after 
reaching the yield point and immediately reloading causes the yield 
point to disappear. However, if the specimen is unloaded and aged 
at 500°K for ‘2 hr, the yield point returns. This yield point is con- 
sidered to be associated with Cottrell-type locking. 


A plot of yield stress as a r| - ), where d is the grain diameter, 
Vd 


results in a linear relationship which fits the equation 
oy = C + Kid)-'/2 


where C and K are constants related to the material. This behavior 
is explained in terms of dislocations piling up at barriers 

No ductile to brittle transition was observed at temperatures down 
to 90°K. Good ductility as determined by reduction in area was ob- 
served at 90°K. 


Cottrell Locking and Yield Stress in Iron: H. Conrad 
and G. Schoeck, Westinghouse Electric Corp. 


The work of Heslop and Petch has shown that the temperature 
dependence of Cottrell-locking cannot be measured directly by ob- 
serving the temperature dependence of the yield stress in a-iron. 
The reason is that there exists a strongly temperature dependent 
frictional force ¢; on dislocations which contributes also to the 
yield stress gy. The temperature dependence of the locking stress 
¢- can in principle be determined by measuring the grain size de- 
pendence of gy at various temperatures. To obtain such measure- 
ments a great number of samples have to be used and measure- 
ments have to be made on samples with different thermal and 


mechanical history. 
If there is a strong frictional force ¢; for dislocations in qa-iron 


then this must also contribute to the flow stress of iron under 
conditions where the dislocations are unlocked by preceding de- 
formation. Especially, a temperature dependence of ¢; should show 
up in the temperature dependence of the flow stress. Therefore hy 
measuring the difference between flow-stress and yield-stress the 
frictional stress o; can be eliminated. In this way the temperature 
dependence of the Cottrell locking stress o. can be determined di- 
rectly 

In order to determine in this way the temperature dependence 
of o-, an experimental investigation was made on polycrystalline 
iron with .05 at. pet C in the temperature region between 4 and 
520°K. Identical samples were strained at room temperature to 
about 5 pct deformation. Part of the samples were then strain 
aged at 150°C for 1 hr in order to obtain a yield point. The original 
samples and the strain-aged ones were then further deformed at 
various temperatures. The difference in the flow-stress and yield- 
stress is believed to be due to Cottrell locking. The temperature 
dependence of this locking stress og. is found to be much less than 
the temperature dependence of the yield stress gy in agreement 
with the measurements of Heslop and Petch. 


Aluminum Single Crystals Under Combined Stresses: 
U. F. Kocks, R. S. Davis, and Bruce Chalmers, Har- 
vard University. 


Torsion-compression tests were carried out on hollow polygonal 
aluminum single crystals to produce relatively uniform stress 
states in particular crystallographic directions. Two of these stress 
states produce the same shear stress on 8 and 6 glide systems, re- 
spectively; they are compared with the tensile behavior in the 

100 and lll> directions. The result is that there are quite 
different modes of polyslip which are analyzed in terms of the 
different arrangement of Lomer-Cottrell locks and the elastic 
interaction between active glide systems for the different specific 
glide system combinations. 

Some observations on latent hardening in single slip orientations 


are also reported 


MONDAY, FEBRUARY 16, AM 


ISD Iron Ore Reduction 


9:30 am St. Francis Hotel 


J. E. Stukel and M. O. Holowaty, Associate Chairmen 
D. E. Babcock, Discussion Leader 


Thermodynamics of Direct Reduction Processes: Kun 
Li, Jones & Laughlin Steel Corp. 

Kinetics of Iron Oxide Reduction: W. M. McKewan, 
U. S. Steel Corp. 

Some Fundamentals of the Reduction of Iron Ore in a 
Fluidized Bed Reactor: F. M. Stephens, Jr., and B. G. 
Langston, Battelle Memorial Institute. 

Staged Countercurrent Systems With Chemical Reac- 
tions Occurring—Iron Ore Reduction: H. P. Meissner, 
Massachusetts Institute of Technology, and F. C. 
Schora, Jr., Arthur D. Little, Inc. 


Georgian Room 


MONDAY, FEBRUARY 16, AM 


EMD 
Electrolytic Extractive Processes 


10:00 am St. Francis Hotel 
E. D. Dilling and J. L. Wyatt, Associate Chairmen 


Colonial Room 
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Electrolytic Equilibria and Electrode Behavior in the 
Soluble Anode Titanium Process: R. S. Dean, W. W. 
Gullett, F. X. McCawley, and L. D. Resnick, Chicago 
Development Corp. 


Electrodeposition of Titanium From Fused Chloride 
Baths Using TiCl, as a Feed Material: W. R. Opie 
and K. A. Svanstrom, National Lead Co. 


Fused Salt Electrorefining of Vanadium and Chro- 
mium: D. H. Baker, Jr. and F. Cattoir, U. S. Bureau 
of Mines 


High-Purity Chromium by Fused Salt Electrolysis: 
R. S. Dean, W. W. Gullett, and F. X. McCawley, Chi 
cago Development Corp 


MONDAY, FEBRUARY 16, AM 


EMD Lead 


10:00 am St. Francis Hotel 
T. D. Jones and T. I. Moore, Associate Chairmen 


Italian Room 


Up-Draft Sintering of Lead Concentrates and Its Sig- 
nificance for Lead Smelting: Helmut Wendeborn, M. 
Peucker, and W. Massion, Lurgi Gesellschaft, Frank- 
furt-am-Main, Germany 


Chemistry of Lead Blast Furnace Dross Formation and 
Retreatment: J. H. Reed and G. H. Turner, Consoli- 
dated Mining and Smelting Co. of Canada Ltd. 


Spectrochemical Slag Analysis With the Tape Tech- 
nique: Allan Danielson, I. Nilsson, and G. Sundkvist, 
Bolidens Gruvaktiebolag, Sweden. 


MONDAY, FEBRUARY 16, PM 


IMD 
Symposium on Direct Observations 
of Dislocations 
St. Francis Hotel 
B. D. Cullity and M. E. Fine, Chairmen 


2:30 pm California Room 


Direct Observations of Dislocations With the Electron 
Microscope: H. G. F. Wilsdorf, Franklin Institute. 


Dislocations and other crystal defects can be seen directly in 
thin foils by means of transmission electron microscopy, and the 
mechanism of contrast formation will be discussed briefly. A review 
of the experimental aspects will cover the various methods that 
have been used to produce dislocations and stacking faults in 
suitable specimens. The techniques by which dislocations can be 
made to move through the foils while they are being observed on 
the fluorescent screen will receive particular attention 


Starting with some observations on thin films produced by 
evaporation, the emphasis of the review will be on results obtained 
from foils prepared from bulk material. In annealed specimens 
most of the dislocations are arranged in sub-boundaries, and the 
determination of dislocation densities is somewhat ambiguous. At 
the beginning of plastic deformation most glide dislocations originate 
from these sub-boundaries. Dislocation pile-ups have not been ob- 
served in deformed thin foils, and an explanation for the phenome- 
non will be given. Dislocations frequently turn from their original 
slip system into the cross-slip system and back, if their path is 
blocked by other dislocations. Occasionally, glide on non-octahedral 
planes has been observed. Some dislocation reactions will be re- 
ported. the ‘fracture of thin foils has been studied and three differ- 
ent mechanisms have been found to operate 


Finally, a discussion of results obtained on quenched metals, 
polygonization boundaries, stress fields around Guinier-Preston 
zones and domain structures in copper-gold alloys will be given. 


Distribution of Dislocations in Deformed Metals: P. B. 
Hirsch, Cavendish Laboratory, Cambridge, England. 
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The electron microscope transmission technique for the study 
of dislocations in metals has been applied to a number of metals 
deformed in various ways. A study of the dislocation distributions 
in polycrystalline FCC metals deformed at room temperature has 
shown that the dislocations are arranged in pile-ups ‘at low de- 
formations) and networks on the slip planes in metals of low 
stacking fault energy, and in cell boundaries in metals of high 
stacking fault energy. Preliminary results on deformed single crys- 
tals will also be reported. Some ideas on the formation of these 
networks will be discussed 


Preliminary results have been obtained on a study of the varia- 
tion of the dislocation distribution with depth below the surface, 
and a technique will be described whereby slip lines and the dis- 
locations below the surface can be seen at the same time. 


Some experiments have been carried out on the dislocation dis- 
tributions in fatigued aluminum, and the results will be compared 
with those obtained from specimens deformed in unidirectional 
tension 


Dislocations in Graphite: Alexander Grenall, Atomic 
International, Div. of North American Aviation, Inc. 


Direct observation by electron microscopy has revealed the 
presence of dislocations in graphite. The nature of these disloca- 
tions and their movement within the structure of the crystals have 
been studied and recorded by motion pictures. The techniques em- 
ployed are described and a 25 min movie gives some of the results 
obtained on natural graphite. 


The driving force for producing dislocation motion is supplied 
by thermal stresses set up by the electron beam. The crystals are 
examined by transmission at magnifications of 12,500 and 25,000 


times 


Examples are shown of single dislocations occurring within a 
crystal grain and moving in glide and climb 


Animated scenes give illustrations of postulated mechanisms of 
edge and screw type dislocations lying in the basal and prism 
planes. Dislocation formation is related to the microstructure of 


graphite 


Complex arrangements of dislocations and movement of some of 
these dislocations are illustrated. Sub-grain boundaries composed 
of aligned single dislocations are shown. The high mobility of this 
type of boundary is seen. Examples of dislocation nodes, networks 
of dislocations, and stress generators are given 


Throughout the electron microscope motion pictures many other 
dislocations features are seen and fully demonstrate the existence 
of dislocations in graphite 


Observations of Dislocations by Means of X-Rays, Dec- 
oration, and Etch-Pitting: W. G. Johnston, General 
Electric Co. 


These three techniques for observing dislocations in large crystals 
will be described, and examples will be shown from the work of 
various investigators at the General Electric Research Laboratory. 
The Berg-Barrett X-ray method has been used by J. B. Newkirk to 
reveal dislocations in several materials. A simple apparatus is used 
to photograph a beam of characteristic X-rays reflected from the 
specimen. The dislocation structure shows up in detail because there 
is enhanced scattering of X-rays from the distorted region about a 
dislocation. The intensity of scattering from a dislocation depends 
upon the orientation of the Burgers vector with respect to the dif- 
fracting planes. Therefore, the direction of the Burgers vector can 
be determined by this method 


The decoration method is useful for examining transparent crys- 
tals in which an impurity can be precipitated onto the dislocations. 
The dislocations then appear as threads of precipitate running 
through the crystal. W. C. Dash has examined deformed crystals of 
silicon, decorated with copper, and viewed with infrared light. The 
dislocation sources during deformation appear to be of the types 
suggested by Frank and Read, as well as surface sources formed 
during preparation of the specimens 


R. W. Guard and J. R. Low have recently etched dislocations 
lying parallel to the surface of a crystal, so that large portions of 
dislocation loops are revealed by one etching. This technique has 
been useful in studying the formation and structure of glide bands 
in Fe-Si crystals. J. J. Gilman and W. G. Johnston have been able 
to trace dislocation movements in LiF by repeated etchings, so that 
individual dislocation velocities can be measured. The velocities 
have been measured as a function of applied stress over twelve 
orders of magnitude in velocity. From this information, and meas- 
urements of dislocation density as a function of strain, it is pos- 
sible to predict a flow curve for a crystal in terms of the observed 


properties of individual dislocations 


MONDAY, FEBRUARY 16, PM 


IMD-EMD 
Symposium on Beryllium 
St. Francis Hotel 
A. R. Kaufmann, Chairman 


2:30 pm Borgia Room 


Problem Areas in Beryllium Technology: J. Conner, 
Wright Air Development Center. 

High Purity Beryllium: H. Sumsion, Lockheed Aircraft 
Corp. 

Beryllium-Base Alloys: W. Beaver, Brush Beryllium 
Co. 

High-Temperature Anomaly in Beryllium: S. Gelles, 
Nuclear Metals, Inc. 

Fracture ,Studies on Beryllium Single Crystals: S. 
Gelles, Nuclear Metals, Inc. 

Surface Damage and Crack Propagation: C. Mathews, 
Lockheed Aircraft Corp. 

Solidification Studies on Beryllium: F. A. Crossley, 
W. H. Graft, and A. G. Metcalfe, Armour Research 
Foundation. 

Brazing and Welding of Beryllium: S. Maloof, Avco 
Manufacturing Corp. 

Composite Materials of Beryllium: J. Greenspan, Nu- 
clear Metals, Inc. 

Casting of Beryllium Billets: W. Santschi, Beryllium 
Corp. of America. 

Progress Report on Rolling and Properties of Pure 
Beryllium Sheet: C. Schwenzfeier, Brush Beryllium 
Co. 

A Study of the Forging of Beryllium: A. Hayes, Ladish 
Co. 

Development of Shaped Beryllium Extrusions: J. Van 
Hamersveld, Northrop Aircraft, Inc. 


MONDAY, FEBRUARY 16, PM 


ISD-EMD 
Iron Blast Furnace Engineering 


St. Francis Hotel 

L. Tofft, Discussion Leader 

J. B. Wagstaff and J. D. Saussaman, Associate Chairmen 

Nitrogen Quench of Bureau of Mines Experimental 
Blast Furnace: J. J. Bosley, U. S. Steel Corp., N. B. 
Melcher, U. S. Bureau of Mines, and M. M. Harris, 
U. S. Steel Corp. 

Oxygen Enrichment of Blast for Ferro-Manganese Pro- 
duction: J. M. Stapleton, R. J. Flanagan, R. L. Ste- 
phenson, and Dugal Fletcher, U. S. Steel Corp. 

Basic Characteristics of Ferrous and Non-Ferrous Blast 
Furnacing: W. O. Philbrook, Carnegie Institute of 
Technology. 

A New Correlation of Blast Penetration in a Blast 
Furnace: G. C. Gardner, U.S. Steel Corp. 


2:30 pm Georgian Room 


MONDAY, FEBRUARY 16, PM 


EMD-IMD 
Plutonium—Extractive Metallurgy 
St. Francis Hotel Colonial Room 


B. Blumenthal and W. D. Wilkinson, 
Associate Chairmen 


2:30 pm 


Plutonium Metal Preparation: Motion Picture by Los 
Alamos Scientific Laboratory. 


This 12 min motion picture depicts the facilities and process of 
the Los Alamos facility for the remotely-controlled conversion of 
plutonium nitrate to plutonium metal. Plutonium nitrate in nitric 
acid solution is treated with 30 pct HzO, solution to precipitate 
plutonium (IV) peroxide. This peroxide is directly converted to 
plutonium(IV) fluoride by reaction with hydrogen fluoride at 
600°C. The fluoride powder is then mixed with calcium and iodine 
booster in a reduction bomb and fired to yield a 300-g button of 
plutonium. Metal of 99.8 pct purity by weight is routinely pro- 
duced at a yield of 98 pct in this facility 


Calcium Reduction of Plutonium Halides to Metal: 
R. D. Baker, A. N. Morgan, and W. J. Maraman, Los 
Alamos Scientific Laboratory. 


Essentially all of the plutonium metal currently produced in the 
US is prepared by calcium reduction of a halide of plutonium. The 
development of this process during the period 1943 to 1946 is re- 
ported and compared with current technology. Methods and equip- 
ment used to prepare metal of greater than 99 wt pct purity in 
good yield from either plutonium(III) chloride of plutonium (IV) 
fluoride are presented. The effects of process variables such 
as reduction scale (varied from 1 to 500 g plutonium), the use of 
iodine as a booster, reduction temperature-time cycle, purity of 
halide, and crucible properties on the product yield and purity are 


also discussed. 


Preparation of Plutonium Metal: F. Anselin, Centre 
d’Etudes Nucleaires, Fontenay-aux-Roses, (Seine), 
France. 

Alternative Routes for the Conversion of Plutonium 
Salts to Metal and Their Recovery Problems: I. L. 
Jenkins, N. Keen, and A. G. Wain, Atomic Energy 
Research Establishment, Harwell, England. 


Routes for the production of plutonium metal from various salts 
are discussed. Many of these can be eliminated as unsuitable for 
routine production for various reasons, e.g. the formation of in- 
fusible slags and the occurrence of finely divided metal. The recov- 
ery problems associated with the fluoride and chloride routes are 


outlined 


Distribution of Plutonium and Selected Impurity Ele- 
ments Between Nitrate Solutions and Tri-N-Buty]! 
Phosphate: E. L. Christensen, C. W. Kelley, A. J. 
Beaumont, and J. R. Humphrey, Los Alamos Scien- 
tific Laboratory. 


Solvent extraction of plutonium from nitric acid solutions with 
tri-n-butyl phosphate in kerosene is an important purification 
method in the recovery and preparation of plutonium meial. In this 
study the distribution coefficients of impurities frequently en- 
countered in plutonium were measured at various HNO and 
Al‘ NOs), salting agent concentrations. By properly adjusting the 
HNO, and Al(NOs', concentrations, good separation of Cr, Ni, Cu, 
Fe and Ce are attainable in a single extraction step. Separation of 
Zr, Th and U are unsatisfactory over the range of process variables 


studied 


Preparation of Anhydrous Plutonium Halides for 
Fused-Salt Studies: J. G. Reavis, A. N. Morgan, A. E 
Ogard, K. W. R. Johnson, K. A. Walsh, and J. A 
Leary, Los Alamos Scientific Laboratory 


Methods and equipment for preparing anhydrous high-purity 
plutonium (III) fluoride, plutonium(IV) fluoride, plutonium (IIT) 
chloride and plutonium (III) bromide on a 100- to 300-g scale for 
use in fused salt studies are discussed. Plutonium (III) fluoride was 
prepared from aqueous solution by precipitation of either plu- 
tonium (III) oxalate or plutonium(IV) peroxide, followed by 
treatment with gaseous hydrogen fluoride and hydrogen. Good 
vield and purity were obtained when these reactions were con- 
ducted at 600°C. Plutonium(IV) fluoride also has been prepared 
from aqueous solution by precipitating plutonium (IV) peroxide and 
passing hydrogen fluoride and oxygen over the peroxide. Although 
this reaction can be conducted at temperatures as low as 150°C, 
conversion at 600°C is more rapid and yields a better product 
Plutonium (III) chloride and plutonium/(III) bromide have been 
prepared from plutonium by hydriding the metal at 200°C, fol- 
lowed by reaction of the hydride with dry hydrogen halide at 
450°C. Additional purification is possible by vacuum distillation 
of the chloride and the bromide. Yields, purities and properties of 


all preparations are presented 
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Removal of Fission Product Elements From Plutonium 
by Liquation: J. A. Leary and K. W. R. Johnson, 
Los Alamos Scientific Laboratory. 


The economic utilization of plutonium as a fuel in high-burnup 
breeder reactors will depend to a large degree on developing 
economical fuel reprocessing methods. For high-burnup applica- 
tions, it is possible that the concentrations of some fission products 
may exceed the normal solubilities in the molten fuel alloy. Signifi- 
cant purification may be realized by the simple process of liquation, 
followed by a mechanical separation step such as filtration. 


Liquation experiments have been conducted with a synthetic 
spent plutonium fuel fissium, made from the basic 9.5 at. pct iron 

plutonium alloy that is typical of the fuel proposed for the Los 
Alamos Molten Plutonium Reactor Experiments. Fission product 
elements were added in an amount corresponding to 10 pct burnup 
of the plutonium. Experimental results indicate that zirconium, 
molybdenum, and lanthanum are relatively insoluble in the molten 
alloy at 550°C, while ruthenium, cerium, and iron concentrations 
are affected only slightly by liquation. 


MONDAY, FEBRUARY 16, PM 


EMD Copper 


2:30 pm St. Francis Hotel Italian Room 


R. J. Stevens, Chairman 


Operations at the Mufulira Smelter With Special Ref- 
erence to the Latest Reverberatory Furnace Prac- 
tice: D. L. Turnbull, Mufulira Copper Mines Ltd., 
Northern Rhodesia. 


Operations at Mt. Isa Mines, Ltd.’s Copper Smelter: 
Mt. Isa Mines Ltd., Australia. 


New Tough Pitch Continuous Copper Casting Unit at 
ASARCO’s Perth Amboy Plant: G. D. Storm and 
J.R. Stone, American Smelting and Refining Co. 


Electrolytic Copper Refining at High Current Densities: 
S. J. Wallden, S. T. Henriksson, P. G. Arbstedt, and 
T. Miden, Bolidens Gruvaktiebolag, Sweden. 


Blister Copper Production at Union Miniere du Haut- 
Katanga From Kipushi Mine Ores: L. J. Steygers, 
J. Lichtherte, and J. Hubin, Union Miniere du Haut- 
Katanga, Belgian Congo. 


TUESDAY, FEBRUARY 17, AM 


IMD 


Research Summaries on Observations 

of Dislocations 
(Based on Submission of Research Abstracts) 

9:00 am St. Francis Hotel 
T. L. Johnston, Chairman 

A Comparison Between Results Obtained by Etching 

Deformed LiF Crystals With a Theory of Dislocation 

Production From Sheets of Condensed Vacancies: D. 


Kuhlmann-Wilsdorf, R. Maddin, University of Penn- 
sylvania, and H. Kimura, University of Tokyo. 


California Room 


Recently, a new theory was presented explaining the origin of 
those dislocations which arise during the plastic deformation of 
crystals. It rests on the idea that thermal vacancies, on cooling, 
condense into single layers parallel to the most densely packed lat- 
tice planes. As the two sides of such layers collapse and fuse again 
prismatic dislocations (named R-dislocations or R-loops) are gen- 
erated which represent dislocation sources of the Frank-Read type. 
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Although this theory has been greatly strengthened by the recent 
discovery in several metals of the predicted R-dislocations there is, 
as yet, no proof that the R-dislocations are in fact the sources for 
dislocations during the plastic deformation of crystals. So far, the 
major counter arguments are based on the extensive investigations 
by Gilman and Johnston on etched, deformed LiF crystals. Hence, 
it seemed desirable to determine whether or not the published find- 
ings on LiF contradict the theory of R-loops as disclosed sources. A 
study of this problem led to a self consistent semi-quantitative in- 
terpretation of the published results of Gilman and Johnston in 
terms of R-loops. 


Calculations of Dislocation Pile-Ups: D. Kuhlmann- 
Wilsdorf, University of Pennsylvania. 


Under the action of a uniform shear stress dislocations of like 
type and sign, lying on the same slip plane, will pile-up behind ob- 
stacles on that plane. The equilibrium positions of any one of the 
dislocations in a pile-up thereby is reached when the resultant shear 
stress due to all the other dislocations is equal and opposite to the 
applied shear stress. Thus, in order to determine the equilibrium 
positions of n like dislocations behind a leading dislocation held up 
atx 0, a set of n-1 equations of the form 


j=1 

has to be solved, where C is a constant involving the Burgers vector 
of the dislocations, the applied shear stress and the elastic constants 
of the material considered. So far this set of equations had remained 
unsolved except for quite small values of n. Approximate solutions 
had been given for large n. Very recently the problem was solved 
with an electronic calculating machine for n up to 70. The results 
are presented and compared with the approximate solutions given 
previously. 


Fatigue Processes in Ionic Crystals: I. Cornet and A. E. 
Gorum, University of California. 


Fatigue of ionic crystals has been studied, primarily in magnesium 
oxide, in a manner paralleling classical studies of fatigue of 
aluminum, copper, and other metals. Under cyclic stress, disloca- 
tions move irreversibly, they multiply, slip bands form and grow, 
cracks nucleate and propagate, and failure occurs. These processes 
correspond to processes observed or hypothesized in metals. 


The use of ionic crystals such as MgO is advantageous in such 
investigation because they are optically transparent; they show 
stress birefringence; it is comparatively simple to bring out dis- 
location intersections with (100) surfaces by etch pit and shadow- 
ing techniques, and these features may be observed with standard 
microscope techniques. Ionic single crystals investigated so far have 
been of cubic structure; they form much fewer slip lines and bands 
than is common in metals, and the slip is less uniform in dis- 
tribution within a crystal. While ionic crystals ordinarily fail by 
cleavage in tension, they often show what appear to be shear 
failures as well as cleavage under cyclic stress. Cyclic stress also 
develops more numerous and more widely distributed slip lines 
and bands than does tension alone in these materials 


The movement of dislocations perpendicular to a fatigue crack 
has been noted. While cracks may originate at the intersection of 
dislocation lines and slip bands, it has not yet been possible to 
predict successfully at which such intersection the erack which will 
ultimately cause fracture will initiate. Also, in ionic crystals there 
appears to be evidence that cracks may start in the interior of the 
crystal; in contrast in copper and in aluminum single crystals, 
fatigue cracks appear to originate at or near the surface. 


TUESDAY, FEBRUARY 17, AM 


IMD 


Research Summaries on Mechanical 
Properties 
(Based on Submission of Research Abstracts) 
9:00 am St. Francis Hotel Borgia Room 


J. E. Dorn, Chairman 


sir 
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Fracture of Metals Under High-Speed Loading Con- 
ditions: J. L. O’Brien and R. S. Davis, Harvard Uni- 
versity. 


Modifications of the Hopkinson Bar Technique, previously used by 
Rinehart for the evaluation of the stress for fracture under ex- 
plosive loading conditions, have resulted in stresses for fracture of 
various metals that are considerably higher than those values re- 
ported by Rinehart. For example, Rinehart reported a stress for 
fracture of a hardened Al - 5 pct Cu alloy, under these loading 
conditions, of 140,000 psi, whereas, the authors obtained a value 
of 240,000 psi. The stress for fracture of the Al - 5 pct Cu alloy 
is not significantly different from the fracture stress for a high 
purity polycrystalline aluminum specimen. 


Techniques have also been developed to obtain quantitative in- 
formation on the energy for fracture and the rate of crack propaga- 
tion, under these loading conditions. 


Temperature and Strain-Rate Dependence of the Flow 
Stress of Magnesium Crystals: R. Armstrong, H. Con- 
rad, H. Wiedersich, and G. Schoeck, Westinghouse 
Electric Corp. 


It has been proposed that the rate-controlling mechanism for low 
temperature deformation of HCP metal crystals is the intersection of 


dislocations. This theory predicts that - — is a constant and that 
do 
is proportional to the temperature, where o is the flow stress, 
Ine 


T the temperature, and ¢ the strain rate. The temperature depend- 
ence of the flow stress observed experimentally is in agreement with 
the theory. However, recent work by Conrad and Robertson on the 


creep of Mg crystals has indicated that is independent of the 
alne 

temperature, in disagreement with the predictions of the theory. In 

order to clarify this discrepancy the present investigation was 


undertaken 


In the present work, temperature-change and strain-rate-change 
tests were employed every 20° in the range 80 to 420°K to investi- 
gate in considerable detail the effect of temperature on the param- 
dag do 

eters and - . It was found that the flow stress versus 
dlne 

temperature curve showed a slight positive curvature, indicating 


do 


that decreased slightly with increase in temperature. In 
do 
agreement with the earlier work, the parameter was inde- 
dlne 


pendent of stress, strain, and temperature. A modification of the 
existing theory is discussed in light of these experimental results 


Activation Energy for Frank-Read Source Generation 
in Pure Aluminum: R. Rosenberg and I. Cadoff, New 
York University. 


experiment was used as a means of 


The torsional after-effect 
measuring magnitudes of dislocation pile-ups which occur during 
plastic flow. The rate controlling process for untwisting or move- 
ment of dislocations from a pile-up is governed by an activation- 
type equation in which the activation energy is not constant, but 
is dependent upon the density of dislocations remaining in the 
pile-up at any time during untwist. Use of the above relation 
permits evaluation of the relative magnitudes of dislocation pile-up 


under varying conditions 


In high purity aluminum, an increase in the testing temperature 
was found to result in an increase in dislocation pile-up. If holding 
time after twist, r, is maintained constant over the range of tem- 
perature, an Arrhenius type function is obtained where In p is 
proportional to 1/T, the magnitude of pile-up being expressed by p 
and the temperature by T. Constant temperature tests on specimens 
in which the percent impurity at the Frank-Read sources was 
varied indicated that the pile-up obtained at any temperature was 
not significantly affected by the small amount of impurity present 
in the material; therefore, the Frank-Read sources must be tem- 
perature as well as stress activated. An increase in 7 at the various 
temperatures resulted in an increase in the magnitude of the 
pile-up obtained, but the Arrhenius functions for various constant 
delay times showed an increase in energy required for additional 
dislocation generation with increase in r. At a constant temperature, 


this results in a decrease in the rate of dislocation pile-up with 
r, the actual relation showing that the number of dislocations en- 
tering a pile-up is dependent upon the number previously piled-up 
and decreases logarithmically with time. Extrapolating the activation 
energies obtained at various delay times to a delay time in the 
order of 0.015 min yields an activation energy which compares with 
reported values of the activation energy for yielding of pure 


aluminum. 


An expression relating the movement of dislocations into a pile- 
up, with delay time,.temperature, the number of dislocations in the 
pile-up, and the activation energies involved in the process is 
obtained. 


Yield Point Phenomenon in Germanium: J. N. Hob- 
stetter, University of Pennsylvania. 


In the course of a study of the introduction of point defects into 
germanium, a classical yield point phenomenon was observed during 
a tensile test and is here reported for what appears to be the first 


time 


The specimen consisted of a thin, long, slab-shaped single crystal 
of Sb-doped, p-type germanium containing about 10" carriers per 
cu cm. It was oriented for single slip with the axis about [123] and 
a (111) face exposed. The test was conducted on an Instron ma- 
chine at 650°C in an atmosphere of nitrogen. An elongation rate of 
0.05 in. per min gave an upper yield of 7600 psi followed by a fairly 
rapid decrease to a lower yield point of 4500 psi, a drop of about 40 
pet. Immediate reloading caused further flow at the lower yield 
point with slow work hardening. Unloaded aging at 650°C for 
several minutes partly restored the upper yield point. The yield 
phenomenon was not present at slower elongation rates and became 


pronounced at faster rates 
The lower yield point at this temperature was found to depend 


on elongation rate as: YP 6500 + 1500 log L 


Deformation Modes of Zirconium at 78°K, 300°K, and 
573°K: E. J. Rapperport, Nuclear Metals, Inc. 


A study has been made of the deformation processes active in 
zirconium deformed in tension at 78, 300, and 573°K. The work was 
performed on large grained samples of arc-melted and forged iodide 


crystal-bar, with a wide orientation distribution 


The only slip system observed at any of the test temperatures was 
‘1010)'1210} with a critical resolved shear stress of about 1.0 Kg 
per sq mm at 78°K, and 0.2 Kg per sq mm at 573°K, compared to a 
value of 0.65 Kg per sq mm reported before for 300°K. Although 
some of the crystals were particularly well oriented for basal slip, 
none was observed at any of the test temperatures. The active 
twin planes at each of the three temperatures are {1012}, {1121}, 
(1122), and {1123}. At 78°K the principal twin mode is {1121} with 
a moderate amount of {1122} activity, less {1012} evident, and very 
little (1123). At 573°K the principal twin mode is {1012}, with mod- 
erate {1121} activity, and very little {1122} and {1123}. At 300°K 
1121} was the most active plane, followed by (1012), with little 
{1122} and even less (1123) 


TUESDAY, FEBRUARY 17, AM 


EMD-IMD 
Plutonium—Physical Metallurgy 


9:00 am St. Francis Hotel Italian Room 


F. W. Schonfeld and W. D. Wilkinson, 
Associate Chairmen 


Some Principles of the Alloying Behavior of Pluto- 
nium: J. T. Waber, Los Alamos Scientific Laboratory. 


The tendency of plutonium to dissolve alloying elements in its 
FCC (delta) and BCC (epsilon) phases is discussed in terms of 
atomic radii and electro-negativities. The tendency to form im- 
miscible liquids with other elements is analyzed by Mott's exten- 
sion of Hildebrand’s method. These findings are compared with 
the available phase diagrams for plutonium. Some consideration 
is given to the Brillouin Zones of several plutonium allotropes. 
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Behavior of Some Delta-Stabilized Plutonium-Rich 
Alloys at High Pressures: R. O. Elliott and K. A. 
Gschneidner, Jr., Los Alamos Scientific Laboratory. 


A number of Pu-rich alloys have been examined under pressures 
up to 10,000 atm in order to study the effects of different alloying 
additions on the stabilization of delta-phase plutonium at room 
temperature. The compressibilities and transformation pressures of 
these alloys were determined both as a function of composition 
and of alloying element. The natures of the observed transforma- 
tions are discussed 


Metallography of Alpha Plutonium: P. Bardet, H. 
Monti, A. Robillard, and F. Sebilleau, Centre d'Etudes 
Nucleaires, Fontenay-aux-Roses (Seine), France. 


Etching of Plutonium and Plutonium Alloys by Ca- 
thodic Bombardment: K. Imlah, Los Alamos Scien- 
tific Laboratory. 


Plutonium-Cerium Phase Diagram: F. H. Ellinger, 
C. C. Land, and E. M. Cramer, Los Alamos Scientific 
Laboratory. 


Thermal, dilatometric, X-ray diffraction, and metallographic 
techniques have been utilized in establishing the phase relation- 
ships in Pu-Ce alloys. The phase diagram is characterized by a 
eutectic, no intermediate phases, and extensive solid solubility of 
Ce in 4-Pu and of Pu in s-Ce (FCC). The solubility of Ce in 
‘-Pu decreases from a maximum of 24 at. pet Ce at 592°C to 18 
at. pet Ce at 250°C. 4-Pu containing 7 at. pet Ce or more is stable 
at room temperature. The solubility of Pu in §-Ce decreases from 
a maximum of 20 to 25 at. pct Pu at 590°C to 7 at. pet Pu at 250°C. 

The important isothermal reactions in the system may be de- 
denote the composition in 


scribed as follows ithe subscripts 


at. pet Ce) 


' Eutectic at 625°C, Lis = ¢-Puw 
Peritectoid at 592°C, ¢-Puyw + B-Ce~m = §-Pux 


+ B-CE~, 

2 

3 Inverse peritectic at 719°C, +-Ce > Las + B-Ce 


(?) 
Plutonium-Zine Phase Diagram: E. M. Cramer, F. H. 
Ellinger, and C. C. Land, Los Alamos Scientific Lab- 


oratory. 


Some Experiments on the Zone Refining of Plutonium: 
R. E. Tate and R. W. Anderson, Los Alamos Scientific 
Laboratory. 


The zone melting process has been applied to plutonium con- 
taining Known amounts of impurities and the segregation of these 
impurities determined by chemical and spectrographic analyses 
Rod specimens of plutonium were contained in thoria or in carbide- 
coated tantalum boats. Each rod was passed horizontally through 
a single-turn, high-frequency coil in such a manner as to cause 
a narrow molten zone to pass repeatedly through the rod. The im- 
purity elements Al, Co, Cr, Fe, Mn, Ni, and Si were found to move 
in the directions predicted from the respective binar constitutional 
diagrams. It is shown that, for the equipment used, only at a rate 
of zone travel of less than ‘4 in. per hr do the experimentally 
obtained distribution coefficients begin to approach those calculated 


from the constitution diagrams 


TUESDAY, FEBRUARY 17, AM 


EMD 

Symposium on Gases in Light Metals 
St. Francis Hotel 
W. S. Peterson, Moderator 


9:00 am 


Olympic Room 


Causes of and Solubility of Gases in Aluminum and 
Magnesium: R. S. Busk, The Dow Chemical Co. 


Measurement of Gas in Molten Metal by the Vacuum 
Gas Test: C. L. Brooks, Reynolds Metals Co. 


New Rapid Methods of Measuring Gas in Molten Metal: 
C. E. Ransley, The British Aluminium Co. Ltd. 


Degassing Agents for Molten Light Metals: J. E. Dore. 
Olin Mathieson Chemical Corp. 


Processes for Degassing Commercial Size Melts: J. J. 
Wegner, Kaiser Aluminum and Chemical Co. 
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TUESDAY, FEBRUARY 17, Am | 


ISD 


9:00 am 


H. W. Graham and Barney Dagan, Associate Chairmen 


Basic Oxygen Steel 
St. Francis Hotel Colonial Room 


Operation of the Basic Oxygen Furnaces, Aliquippa 
Works, Jones & Laughlin Steel Corp.: D. R. Loughrey, 
Jones & Laughlin Steel Corp. 


Role of High-Purity Oxygen in Metallurgical Proc- 
esses: H. B. Emerick, Jones & Laughlin Steel Corp. 


ISD 


11:00 am 
Howard C. Pyle and K. L. Fetters, Associate Chairmen 


Howe Memorial Lecture 
St. Francis Hotel Colonial Room 

Speaker: C. E. Sims. Battelle Memorial Institute. 

Subject: The Nonmetallic Constituents of Steel. 


ISD 
Annual Luncheon and Business Meeting 


12:15 pm St. Francis Hotel Georgian Room 
K. L. Fetters, Chairman, Presiding 


Speaker: J. L. Mauthe, Chairman of Board, Youngs- 
town Sheet and Tube Co. 


Subject: Reflections on Half a Century of Steelmaking 


WEDNESDAY, FEBRUARY 18, AM 


EMD-ISD 
Kinetics in Extractive Metallurgy 


9:00 am St. Francis Hotel California Room 


T. B. King and Gerhard Derge, Associate Chairmen 


Exchange Reactions in Molten Salt-Molten Alloy Sys- 
tems: T. B. King and A. Morkel, Massachusetts In- 
stitute of Technology. 


Exchange Studies Between Bismuth-Rare Earth Alloys 
and Fused Salts: H. Katz, F. Hill, and J. L. Speirs, 
Brookhaven National Laboratory. 


Rate of Oxidation of Solutes in Bismuth: D. Schweitzer 
and D. H. Gurinsky, Brookhaven National Labora- 
tory. 


Rate of Solution of Nickel-Copper Alloys in Molten 
Lead: D. Stevenson and J. Wulff, Massachusetts In- 
stitute of Technology. 


A Note on the Kinetics of Nitrogen Absorption in Ligq- 
uid Iron: J. C. Humbert and J. F. Elliott, Massachu- 
setts Institute of Technology. 


WEDNESDAY, FEBRUARY 18, AM 


EMD 
Occurrence, Beneficiation, and Separation 
of Rare Earths 


9:00 am St. Francis Hotel Italian Room 


H. E. Kremers, Chairman 
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Occurrence, Mining, and Marketing of the Yttrium 
Rare Earths: J. H. Whitman, Michigan Chemical 
Corp. 

Production and Uses of Rare Earths: P. R. Kruesi., 
Heavy Minerals Co. 

Mining and Beneficiation of Bastnasite, and Its Indus- 
trial Possibilities: E. A. Lucas and Harold Bailey, 
Molybdenum Corp. of America. 

World Reserves of the Rare Earth Metals: R. J. Ander- 
son, Battelle Memorial Institute. 

Liquid-Liquid Solvent Extraction of Rare Earth Ele- 
ments: D. J. Bauer, A. C. Rice, and J. S. Berber, U. S. 
Bureau of Mines. 

Preparation of Pure Cerium Dioxide from Bastnasite by 
Solvent Extraction: H. G. Petrow, Peter Rigopolas, 
and John Frederickson, Ionics, Inc. 

Metallography of the Rare Earth Metals: C. Kirk- 
patrick and V. Novy, Research Chemicals, Inc. 


WEDNESDAY, FEBRUARY 18, AM 


EMD Zinc 
9:00 am St. Francis Hotel 


J. W. Hanley and R. R. McNaughton, 
Associate Chairmen 


Olympic Room 


Hemiska Industrija Zorka Electrolytic Zinc Plant: 
A. H. Kunkel, Jr., Singmaster and Breyer, and Gli- 
goriye Stankovic, Hemiska Industrija Zorka. 

Josephtown Electrothermic Zinc Furnaces: C. D. Hen- 
derson, St. Joseph Lead Co. 

Some Physical Chemical Aspects of Zinc Blast Furnace 
Operation: S. W. K. Morgan and John Lumsden, The 
National Smelting Co., Ltd., Avonmouth, England. 

Improvements in Vertical Retort Process for Zinc 
Smelting: G. T. Mahler, J. A. Marvin, Jr., The New 
Jersey Zinc Co., Marcel Marechal, and Georges Biquet. 
Compagnie Royale Asturienne des Mines, France. 


FluoSolids Roasting of Zinc Sulfides: D. MacAskill, 
Dorr-Oliver, Inc. 


: | WEDNESDAY, FEBRUARY 18, AM 


IMD Research Summaries on Alloys 
Strengthening 
(Based on Submission of Research Abstracts) 


9:00 am St. Francis Hotel Borgia Room 


T. H. Hazlett, Chairman 
Creep-Rupture Tests at 1800°F and 2000°F on Hyper- 
Pure Silicon Polycrystals: J. T. Brown, Westinghouse 
Electric Corp. 
Data on the creep-rupture strength and ductility of polycrystal- 
line specimens of 99.999 pet Si is presented. Tests were conducted 
at 1800 and 2000°F at stresses between 7500 and 9500 psi. Rupture 


times from 3 to 450 hr are reported with rupture elongations from 
16 to 102 pct 
Conventional stress-rupture curves are constructed from the re- 


sults. Also a plot of stress:density ratio versus temperature is used 
to illustrate the superiority of the silicon over a molybdenum-tita- 


nium alloy. The excellent oxidation resistance of silicon is discussed, 
but its extreme brittleness up to 1600°F is the chief deterent to its 


use as a structural material 


The method used to grow the specimens is described, and macro 
photographs showing the grain structure and different types of 
strain markings are presented 


A brief discussion of the probable mechanisms which inhibit de- 
formation, and the mechanisms by which deformation takes place 
in silicon is given. Co-valent bonding in the diamond cubic crystal 
structure inhibits straining. Conventional slip seems to be the 
principal deformation mechanism even at 2000°F 


The activation energy for creep calculated from the rupture time 


\H \H 
relationship tre tot 


RT RT 


is found to be 140 K cal per mole 


Mechanical Behavior of Whiskers at Elevated Temper- 
atures: S. S. Brenner, General Electric Co. 


The effect of temperature on the mechanical behavior of copper 
and iron whiskers has been investigated. The whiskers were tested 
either in tension or bending. The results obtained thus far indicate 
that at elevated temperatures the whiskers are still many times 
stronger than bulk crystals but only few can be strained elastically 
in excess of one percent. Failure at elevated temperatures occurs as 
at room temperature at very localized regions which may be flaws 
on the surfaces. The effectiveness of these flaws to cause yielding 
appears to increase rapidly with temperature. The effects of surface 
films and environment on the temperature dependence of the 


strength will be discussed 


Short-Time Creep-Rupture Behavior of Tungsten and 
Molybdenum at High Temperatures: W. V. Green, 
M. C. Smith, and D. M. Olson, Los Alamos Scientific 


Laboratory. 


The creep-rupture behaviors cf commercial powder metallurg) 
tungsten and molybdenum are reported. Test temperatures were 
2250 to 2800°C, stresses were up to 7,000 psi, and times were up to 
4 hr for tungsten. For molybdenum, test temperatures were 1600 to 
2500°C, stresses were up to 11,000 psi and times were up to 1 
month. The creep tests were performed in a constant load testing 
machine previously described by Smith, Olson, end Brown. In it 
the specimen is heated by radiation from an electrically heated 
heater tube and stressed in tension in a helium atmosphere or vac 
uum. Periodic gage-length measurements are made with a pair of 


cathetometers 


The resulting creep curves generally showed very little first stage 
creep, moderate amounts of second stage creep ind terminated in 
third stage creep. Fracture occurred by intercrystalline fracture 
Total elongations generally were 15 to 25 pct for tungsten and 5 to 
15 pet at 2000°C and above and 30 to 50 pet at 1600 to 1700°C for 


molybdenum 


Abnormal grain growth occurred during some tests on molyb 


denum specimens 


For each test temperature and” metal, the second stage engineer 
ing creep rates are shown as a function of initial stress on a log-log 


plot. True minimum creep rates are shown as a function of true 


creep stresses corresponding to these rates in a similar manne 
These true minimum creep rates in sec are given by) 

for tungsten and by 

2.95 e x 10 
for molybdenum where is the true stress in psi corresponding to 
«. T the temperature in “K and R the gas constant. These are least 


square error fitted results 


Rupture time is shown as a function of stress for each metal and 
test temperature on log-log plots. Least-square fitted Larson Mille 
parameters are shown as functions of stresses 

The effects of abnormal grain growth in molybdenum on cree; 


rates and rupture times are discussed 


Creep of Polycrystalline Alpha and Beta Thallium 
O. D. Sherby, Stanford University 
The steady state creep rate, in hr for high temperature creep 


of polycrystalline alpha and beta thallium over a wide range of 


stress can be accurately expressed by 


35 D 5.2 
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where D is the self-diffusion rate of thallium in sq cm per hr and 

is the creep stress in kg per sq cm. This empirical formulation 
coupled with a similar formulation found earlier for alpha and 
gamma iron suggests that creep of most pure polycrystalline metals 
at high temperatures is controlled by some type of diffusion process. 
Recent theories of creep proposed by Weertman and Mott are re- 
viewed and compared with the experimental findings on thallium. 
It appears that Weertman’s theory is to be preferred since it pre- 
dicts that the creep rate should be proportional to the self-dif- 


fusion rate of atoms 


Study of the Influence of Nitrogen on the Creep-Rup- 
ture Properties of a Nickel-Chromium Alloy Hard- 
ened With Titanium and Aluminum: R. L. Jones, 
Convair-Astronautics, and J. W. Freeman, University 
of Michigan. 


A study was made to determine the effect of nitrogen on the 
creep-rupture properties of a simplified 78 Ni - 19 Cr - 2 Ti - 1 Al 
alloy subject to precipitation hardening by the +’ phase, Nis (Al, 
Ti). The study was designed to first determine if nitrogen was 
beneficial or deleterious to properties, and second, with this estab- 
ished, to study the effects of nitrogen on the structure of the 
alloy and relate these structural effects to properties 


Heats were prepared in a vacuum induction melting furnace with 
nitrogen content increasing from 0.003 to 0.034 pct. The influence 
of nitrogen on the creep-rupture properties was evaluated by tests 
at 1350°F and 28,000 psi. Structural studies were carried out on 
samples after heat treatment, using optical and electron micro- 
scopy, X-ray diffraction and mechanical property measurements 


It was found that raising the nitrogen from 0.003 to 0.013 pet 
increased creep resistance by a factor of 3. At the same time, ni- 
trogen up to 0.034 pct increased the resistance to fracture by delay- 
ing the initiation of tertiary creep. The increased resistance to 
creep and fracture resutied in increased rupture life with the most 
marked effect found from increasing the nitrogen from 0.003 pct 
‘average rupture life 100 hr) to 0.013 pet (‘average rupture life 
500 hr) 


Several structural effects indicate that the increased ereep re- 
sistance was related to the increase of nitrogen in solution prior 
to creep-rupture testing. The delay in the initiation of tertiary creep 
was related to the increased time required for the appearance of 
miecro-cracks, The reduction of the rate of tertiary creep and the 
increase in the duration of tertiary creep was related to the re- 
duction in the number of micro-cracks growing during this period 
of creep 


WEDNESDAY, FEBRUARY 18, AM 


IMD 
Research Summaries on Observations of 
Dislocations 


(Based on Submission of Research Abstracts) 


9:00 am St. Francis Hotel Colonial Room 


A. E. Gorum, Chairman 


Fracture of Chemically Polished Magnesium Oxide: 
R. J. Stokes, T. L. Johnston, and C. H. Li, Minne- 
apolis-Honeywell Regulator Co 


Magnesium oxide crystals exhibit a wide scatter in ductility 
when loaded under three-point bending or simple tension. Thus, 
given a number of crystals cleaved from the same parent, a few 
may deform considerably ‘up to 15 pct in the tension surface) 
while others fracture with no macroscopic deformation whatsoever 
This scatter is also observed for specimens which have been chem- 
ically polished in fresh, boiling, 85 pct-orthophosphoric acid prior 
to testing. However, if a polished crystal is immersed in hot acid 
(~70°C) so that the tension surface is continuously removed dur- 
ing deformation there is always considerable ductility before fail- 
ure. The ductility is similarly enhanced if a crystal is periodi- 
cally removed from the testing machine and repolished. Under 
these two latter special conditions it is found that fracture originates 
from a linear source rather than the surface point source typical 
of less ductile material, When the surface is continuously polished 
the linear source is invariably inside the crystal 


Detailed examination of crystals with a polarizing microscope 
before and after fracture has established that these linear sources 
are, in fact, produced by the growth of Stroh-cracks. Stroh-cracks 
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are produced as a result of plastic flow and take the form of tiny 
slits lying along the [100] bending axis. A most surprising feature 
of recent observations is that these slits can be stable under tensile 
stress. Indeed crystals with slits actually in the tensions surface have 
been observed to deform a further 1 pct before catastrophic failure 
originated from one of them. 


The formation and growth of Stroh-cracks are described in de- 
tail, and the reason for their stability is discussed. 


Ductile-Brittle Transition in Silver Chloride: T. L. 
Johnston, R. J. Stokes, and C. H. Li, Minneapolis- 
Honeywell Regulator Co. 


Silver chloride is one of the most ductile of the inorganic solids 
having the rock salt structure and under uniaxial loading the usual 
fracture mode is of the shear or fibrous type. We have found how- 
ever that under impact conditions, in the presence of a notch, silver 
chloride exhibits brittle behavior at room temperature. The frac- 
ture mode under these conditions is predominantly (100) cleavage. 


To investigate this phenomenon further, the energy absorbed 
during impact loading was measured as a function of temperature. 
High purity single crystals and extruded chemical grade polycrys- 
talline material were used in the form of sub-size notched Charpy 


specimens. 


Both materials exhibited a sharp ductile-brittle transition at 
~70°C, i.e. 048Tm where Tm is the melting point of silver chloride 
in degrees Kelvin. Above this temperature they adsorbed impact 
without fracture. Below 70°C, the extruded specimens fractured en- 
tirely by cleavage whereas the notched single crystals displayed two 
distinct fracture modes. In the latter case cracks spread from the 
notch apex by a ductile shear mechanism before propagating by 
cleavage. The proportion of shear zone decreased with temperature. 


It was further observed that brittleness could be induced in the 
absence of a notch by lowering the temperature and raising the 
strain rate. This is shown by the fact that at 196°C unnotched 
single crystals cleave under impact conditions but can undergo ex- 
tensive deformation in a slow bend test 


The ductile-brittle transition is clearly a bulk property of silver 
chloride and is not related to grain boundary embrittlement. Pos- 
sible reasons for this behavior are discussed 


Plastic Anisotropy of LiF and Other Rocksalt-Type 
Crystals: J. J. Gilman, General Electric Co. 


Although many features of dislocations in crystals depend only 
on the elastic stress fields of the dislocations, some features are de- 
pendent on the detailed atomic structures of dislocations. Perhaps 
the most important feature of a dislocation is its mobility, and the 
present work is an attempt to demonstrate that the mobilities of 
dislocations often depend strongly on details of atomic structure. 
Plastic anisotropy is the quantity that was measured for this pur- 
pose. Since it is a ratio, this quantity is not sensitive to impurities, 
perfection, etc., in contrast to most other mechanical parameters of 
crystals 


The stresses needed to cause <110 dislocations to move on 
100! as compared with {110} planes have been measured in torsion 
tests in LiF and in potassium halide crystals. Glide is much more 
difficult on {100} planes than on {110} planes in LiF, except for 
temperatures above about 400°C. 

It is shown that the ease of {100} glide increases relative to {110) 
elide through the series KC] — KBr — K; and that PbTe prefers 
to glide on {100} planes. Thus {100} glide seems to be favored by 
high ionic polarizability as Buerger first suggested. 


These results show that the atomic structures at the cores of 
dislocations play an important role in the behaviors of alkali 


halide crystals. 


Dislocation Theory of Fracture in Metals: H. Wieder- 
sich, Westinghouse Electric Corp. 


An expression for the energy of a wedge shaped crack (Stroh 
crack) in a material under an applied tensile stress is developed. 
The present analysis indicates that the crack will grow catas- 
trophically in general when 


onb>4y 
where 


o applied tensile stress perpendicular 
to the long dimension c of the crack 
n number of dislocations forming the crack 
b Burger's vector 
x surface energy. 


i 


The critical length of the crack is only half the length of the cor- 
responding crack size in Griffith’s theory. The fracture stress ¢ 
depends upon the specific relationship between o and n, which is 
not only dependent upon b, y, and the elastic properties, but as 
well upon the plastic properties and structural variables. Some 
possible relations for nic) will be treated. 


IMD Annual Business Meeting 


10:45 am St. Francis Hotel 
W. J. Harris, Jr., Chairman, Presiding 


Colonial Room 


IMD Annual Lecture 
11:00 am St. Francis Hotel 


Augustus B. Kinzel and W. J. Harris, Jr., 
Associate Chairmen 


Colonial Room 


Speaker: Frederick Seitz, University of Illinois 
Subject: The Effects of Irradiation Upon Metals 


EMD 


Annual Stag Luncheon and Business 
Meeting 

12:15 pm St. Francis Hotel 
H. H. Kellogg, Chairman, Presiding 


Georgian Room 


Speaker: Granville S. Borden, San Francisco. 
Subject: Uncle Sam’s Mineral Share Croppers 


WEDNESDAY, FEBRUARY 18, PM 


EMD-ISD 
Applications of the Phase Rule in 
Extractive Metallurgy 
2:00 pm St. Francis Hotel California Room 
J. F. Elliott and W. A. Krivsky, Associate Chairmen 


General Representational Methods for Heterogeneous 
Ternary Equilibria: J. H. Downing, Electro Metal- 
lurgical Co., Div. of Union Carbide Corp., and R. 
Schuhmann, Jr., Purdue University. 


Phase Equilibrium Studies Applied to Steel Plant Re- 
fractory Problems: Arnulf Muan, Pennsylvania State 
University. 

Phase Distribution in the Systems: Iron-Nickel-Lead, 
Iron-Nickel-Carbon (Saturated) and Iron-Nickel- 
Lead-Carbon (Saturated): K. O. Miller and J. F. 
Elliott, Massachusetts Institute of Technology. 


Application of the Phase Rule to the Derivation of 
Approximate Phase Diagrams Silicon-Oxygen-Car- 
bon: W. A. Krivsky, Electro Metallurgical Co., Div. 
of Union Carbide Corp., and R. Schuhmann, Jr., Pur- 
due University. 

A Method for Determination of Solidus Curves in 
Phase Diagram: H. Flood, Norwegian Institute of 
Technology. 


Thermodynamic Properties of Titanium Carbide: S. 
Fujisharo and N. A. Gokcen, University of Pennsyl- 
vania. 


WEDNESDAY, FEBRUARY 18, PM 


EMD Rare Earth Metals 


2:00 pm St. Francis Hotel Italian Room 
F. H. Spedding and A. H. Daane, Associate Chairmen 


Recent Developments on Production and Extraction of 
Rare Earth Metals at Ames: F. H. Spedding and A. H. 
Daane, Iowa State College. 


Electrowinning of Cerium: Edward Morrice and R. G. 
Knickerbocker, U. S. Bureau of Mines. 


Preparation of Europium and Samarium by Metallic 
Reduction: T. T. Campbell and F. E. Block, U.S. 
Bureau of Mines. 


Electrodeposition From Aqueous and Non-Aqueous So- 
lutions: Therald Moeller, University of Illinois. 


A Compilation of Properties of Rare Earth Metals and 
Yttrium and Their Compounds: J. A. Gibson, J. F. 
Miller, and G. W. P. Rengstorff, Battelle Memorial 
Institute. 


WEDNESDAY, FEBRUARY 18, PM 


EMD-MBD 
Chemical Processes-Nickel 
2:00 pm Sheraton-Palace Hotel Comstock Room 


John Dasher and M. E. Wadsworth, Associate Chairmen 


Refining of Nickel-Copper-Cobalt Mattes by Pressure 
Leaching and Hydrogen Reduction: R. F. Pearce, 
J. P. Warner, and V. N. Mackiw, Sherritt-Gordon 
Mines, Ltd. 


Cobalt-Nickel Separation—An Investigation of the De- 
Merre Process: D. W. Bridges, U. S. Bureau of Mines. 


Modifications in Nicaro Metallurgy: Armando Alonso 
and John Daubenspeck, Nickel Processing Corp., Ni- 
caro, Oriente, Cuba. 

Ammonium Sulphate Leaching-Hydrogen Reduction 
Process for Treating Nicaro Bull-Precipitate: James 
Shea, Battelle Memorial Institute. 


WEDNESDAY, FEBRUARY 18, PM 


ISD Steelmaking Technology 


2:00 pm St. Francis Hotel Olympic Room 


W. O. Philbrook and J. C. Fulton, Associate Chairmen 
Walter Carroll, Discussion Leader 


Effect of Rare Earths on Some Stainless Steel Melting 
Variables: R. H. Gautschi and F. C. Langenberg, 
Crucible Steel Co. of America. 


Influence of Manganese on P Distribution in Basic 
Steelmaking Systems: F. Grandpierre and J. F 
Elliott, Massachusetts Institute of Technology. 


Interaction of Elements in Liquid Fe: M. Ohtani, Uni- 
versity of Pennsylvania. 

Modified Inland High Temperature Test for Coke, Syn- 
thetic Agglomerate and Natural Ores: Peter Zorena 
and M. O. Holowaty, Inland Steel Co. 


WEDNESDAY, FEBRUARY 18, PM 


IMD 
Symposium on Scale Effects on Properties 


2:00 pm St. Francis Hotel Colonial Room 


H. W. Paxton and V. F. Zackay, Associate Chairmen 
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A Limited Survey of Scale Effects on Mechanical Prop- 
erties: G. T. Horne, Carnegie Institute of Technology. 


A Theory of the Specimen Thickness Effect in Grain 
Growth: W. W. Mullins, Westinghouse Electric Corp. 


Effect of Micron Grain Size on Mechanical Properties 
of Some Steels: J. C. Shyne, D. J. Schmatz, and V. F. 
Zackay, Ford Motor Co. 


Strength and Dislocations in Whiskers and Microcrys- 
tals: W. W. Webb, Electro Metallurgical Co., Div. 
of Union Carbide Corp 


Temperature and Microstructure Dependence of Size 
Effects in Notched Bend Fracture Tests of Some Al- 
loy Steels: S. Yukawa, General Electric Co. 


WEDNESDAY, FEBRUARY 18, PM 


IMD 


Research Summaries on Interfaces and 
Surfaces (II) 


(Based on Submission of Research Abstracts) 


2:00 pm St. Francis Hotel Borgia Room 


J. Washburn, Chairman 


Evaporation of Silver Crystals: J. P. Hirth and G. M. 
Pound, Carnegie Institute of Technology. 


The flux of evaporation J from {100}, {111}, and {110' planes of 
silver single crystals and from polycrystalline specimens was meas- 
ured at 744°C under a high vacuum using a time average weight 
loss method. Constancy of evaporation rate with time was demon- 
strated by continuous rate measurements. The evaporation coeffi- 
cient @ was computed from the measured flux and vapor pressure 


data through the relationship J a V2emkT. The evaporation 


coefficients for the close packed planes and the polycrystalline spec- 
imens were found to be significantly less than unity. The results 
are discussed on the basis of current theory of crystals evaporation 
The role of lattice imperfections is considered 


Rates of Growth of Proeutectoid Cementite: R. W. 
Heckel and H. W. Paxton, Carnegie Institute of Tech- 
nology. 


Diffusion controlled growth of a solute rich precipitate is charac- 
terized by the diffusion of the solute in the supersaturated matrix 
to the surface of the precipitate. The matrix surface concentration 
is In all cases taken to be that in equilibrium with the precipitate 
at the temperature of reaction 


On this basis a model of the growth of grain boundary films of 
proeutectoid cementite has been constructed. The thickness of the 
films is expressed as a function of the mean concentration of solute 
in the untransformed matrix 

/ on 
r= ) 
Cc. c 
where 
is the thickness of the film 
is the austenite grain radius 
Cy ts the solute concentration in the prec Ipitate 
C, ts the gross composition of the binary alloy 
C is the mean concentration of solute in the 


untransformed matrix 


Cm may be calculated from the solution to Fick's Second Law 


Growth data have been obtained experimentally from two hy- 


pereutectoid steels 


Wt Pet C Wt Pet Mn Wt Pet Si 
1.20 0.91 0.23 
1.16 <—0.001 0.001 
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Neither steel exhibits cementite films as thick as predicted from 
the foregoing model. However, the pure binary alloy is charac- 
terized by a faster cementite growth rate than that containing man- 
ganese and silicon. These results may be explained by an interface 
controlled growth model accompanied by a build-up of silicon in 
the austenite at the austenite:cementite interface. 


Singular and Non-Singular Interfaces: K. A. Jackson, 
Harvard University. 


A criterion which distinguishes between interfaces which are 
singular ‘atomically smooth) and those which are non-singular 
‘atomically rough) will be developed. This criterion states that the 


L ny 


parameter a is greater than 2 for singular interfaces 


kTe 


and less than 2 for non-singular interfaces. In this equation L is 
the latent heat associated with the transformation, Tr is the equilib- 
rium temperature between the two phases at the interface, k 
is Boltzmann's constant, n, is the total number of nearest neighbors 
in the solid, and n, is the number of nearest neighbors which lie 
in a plane parallel to the interface. Surface nucleation is necessary 
for growth on singular interfaces, resulting in slow growth rates 
The formation of new layers is relatively easy on a non-singular 
interface, leading to rapid growth rates. In the latter case, growth 
is frequently limited by some factor other than the formation of 
new layers, such as the rate of dissipation of latent heat. The ob- 
served growth forms of various materials will be discussed with 
reference to the values of the parameter a 


Considerations of Surface Equilibria: J. E. McNutt, 
G. M. Andes, and J. J. Cox, E. I. du Pont de Nemours 
and Co., Inc. 


Several well-known expressions are commonly used to relate the 
geometrical configurations developed at equilibrium intersections 
of interphase surfaces to the specific free energies of the surfaces 
Among these expressions is, for instance, the relationship between 
the contact angle and the energies of three surfaces meeting along 
a line. A review is given here of the concepts of surfaces and sur- 
face energies involved in deriving and using these relationships 
Confusion about these concepts. evident in some recent literature 


is discussed 


Liquid-Solid Interfacial Energy in Binary Alloys: 
H. W. Weart and M. J. Fraser, Westinghouse Electric 
Corp. 


The free energy of liquid-solid interfaces is an important param- 
eter in the description of such phenomena as nucleation of crys- 
tals from liquid solutions, corrosion by liquid metals and metals 
joining. Aside from some estimates of the magnitude of the energy, 
however, little is known quantitatively about the effect of such 
variables as bulk composition of the phases, adsorption, and nature 
of the exposed solid surface. In the first part of this paper, the 
available experimental data on liquid-solid interfacial energy are 
collected and discussed in terms of various empirical correlations 
which have appeared in the literature. Also included in this sec- 
tion is a discussion of the techniques usually employed for meas- 
uring liquid-solid energies in metallic systems 


The second part of the paper presents the results of an experi- 
mental study undertaken to determine the effect of bulk composi- 
tion of the phases on the 4.1.s/;sv ratio, where 4.5 is the liquid- 
solid and 4sv the solid-vapor interfacial free energy. The results 
obtained by application of the sessile drop technique are presented 
and discussed 


Effect of Oxide Microstructure on the Oxidation Ki- 
netics of Cu-Ni-Mg Alloys: J. A. Sartell, S. H. Ben- 
del, and C. H. Li, Minneapolis-Honeywell Regulator 
Co. 


Additions of ‘up to 1 pet! Mg to a 62Cu-38Ni alloy have been 
found to reduce the oxidation rates drastically in the temperature 
range from 500 to 850°C. The protective effect was especially 
marked below 700°C and could be directly related to the micro- 
structure of the oxide layer 


Microscopic examination of the oxide layer disclosed the presence 
of a network of NiO along the former alloy grain boundaries. This 
network penetrated the underlying alloy. The grains themselves 
were oxidized in a manner similar to that observed for the 62Cu- 
38Ni alloy, containing additional NiO in the form of particles which 
were dispersed in a matrix of Cu,O 
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It is thought that the protective effect obtained through the addi- 
tion of Mg to this alloy is due to the formation of the continuous 
network of NiO which acts as a barrier to diffusion. This network is 
considered to arise from the segregation of Mg at the alloy grain 
boundaries. Since Mg is more active than either Cu or Ni, oxida- 
tion is more rapid in these regions. In order to test this proposal 
Cu-Ni-Mg alloy specimens were given a high-temperature homogen- 
izing anneal, quenched, and then oxidized. Oxidation proceeded at 
about the same rate as for the parent 62Cu-38Ni alloy and no NiO 
network was formed 


Mechanism for the Oxidation of Cu-Rich Cu-Ni Alloys: 
J. A. Sartell and C. H. Li, Minneapolis-Honeywell 
Regulator Co. 


Although a theory for the oxidation of Cu-Ni alloys has been 
proposed, kinetic data for dilute alloys are incomplete and oxide 
microstructure and ion movement have not been investigated 
Studies have been made in the temperature range from 660 to 882°C 
for alloys with compositions from 0 to 5 pct Ni. Alloys were pre- 
pared by vacuum melting copper and nickel of 99.999 pct purity 


Gravimetric data show that the addition of nickel decreases the 
oxidation rates to a minimum at about 1 pct Ni, beyond which they 
increase, eventually exceeding those for pure copper. The location 
of the minimum appears to be a function of temperature, shifting 
toward higher nickel contents at lower temperatures 


For the 95Cu-5Ni alloy, inert markers are found quite near the 
Cu,O-CuO interface indicating that anion diffusion is predominant 
With decreasing nickel content, the marker position approaches the 
metal oxide interface; for pure copper it is located at the metal 
surface, indicating that the anion transport has dropped to zero 
The change in marker position seems to indicate that the minimum 
in oxidation rates is associated with the switch from anion to cation 
diffusion as the rate determining factor. It appears, therefore, that 
at compositions above that associated with the minimum rate con- 
stant, oxidation occurs by an internal oxidation mechanism while 
below this value oxidation proceeds in a manner similar to that of 
pure copper 


The oxide microstructure is consistent with this proposed mech- 
anism. When anion diffusion is the controlling process there is al- 
ways a zone of internal oxidation which consists of NiO particles 
embedded in the alloy. In the neighboring oxide scale particles of 
NiO are dispersed in the CuO. The outer layer consists of CuO 
When cation diffusion is the controlling mechanism the oxide layer 
consists almost entirely of CusO 


Orientation Sensitivity of Alpha Titanium to Electro- 
staining: R. H. Hiltz, Thompson Ramo Wooldridge 
Inc., and R. W. Douglass, Battelle Memorial Institute. 


Large grain specimens of iodide titanium prepared metallo- 
graphically, were stain etched using the technique of New York 
University as modified by Watertown Arsenal laboratories. Orienta- 
tions of grains showing an abnormal response to stain etching were 
determined by back reflection X-ray techniques. X-ray results 
showed that alpha titanium grains, oriented such that their basal 
planes were parallel to the polished surface, have a slower reac- 
tivity to strain etching than any other orientation. Grains oriented 
such that their basal planes made small angles with the polished 
surface exhibited reaction rates between that of the true basal ori- 
entation and the normal rate. As the angle with the surface in- 
creases the reactivity increases up to a maximum angle of 14°. Basal 
planes making an angle with the surface of greater than 14° show 
normal reactivity to strain etching. These data, plus work on poly- 
crystalline specimens, indicate that the oxidation rate of titanium 
might be reduced by ccrrect alignment of crystal planes 


Nucleation Rate of Cobalt From Dilute Cobalt-Copper 
Alloys: J. W. Cahn, General Electric Co 


The precipitation of cobalt from dilute cobalt-copper alloys can 
result in an extremely large number ‘more than 10'> per cu cm) of 
approximately spherical cobalt particles. This number is so large 
that it rules out most nucleation catalysts, and is by itself a strong 
argument for believing that the nucleation occurs homogeneously 
The present study was undertaken in order to learn more about the 


nucleation process 


A series of high purity alloys were homogenized and then 
quenched directly into lead pots at the precipitation temperatures 
Magnetic measurements were used to reveal the number of parti- 
cles as well as their size and shape. It was found that the nucle- 
ation rate was neither affected by impurities nor by the temperature 
of the samples prior to quenching into the lead. From these obser- 
vations it may be concluded that the nucleation is indeed homog- 


eneous 


The effect of composition and temperature .of precipitation was 
followed for 4 alloys from 0.4 to 2 pet Co and for a temperature 
range from 400 to 750°C. The nucleation rates and the final number 
of cobalt particles formed varied over many orders of magnitude in 
this interval and are compared with existing nucleation theories 


Grain-Boundary Energies in Gold-Copper Alloys: J. E. 
Hilliard, General Electric Co., Morris Cohen, and 
B. L. Averbach, Massachusetts Institute of Tech- 
nology. 


The ratio of grain-boundary energy to surface energy in the 
gold-copper system has been determined as a function of composi 
tion. The effect of orientation was not studied, the measurements 
being confined to high-angle boundaries 


The relative boundary energy was estimated from interferometric 
measurements of the groove angle of grain boundaries at the sur 
face of specimens thermally etched in vacuum at 850°C. Some of 
the measurements were made on a modified Bausch and Lomb 
metallograph and the remainder on a Zeiss interference microscope 
About twenty observations were made on each alloy. Most of the 
grooves examined had a parabolic profile as predicted by Mullins 


The average values for the ratio: grain-boundary energy, surface 
energy are: 0.33, 0.34, 0.38, 0.31, 0.25, and 0.22 at., respectively, 0, 
20, 40, 60, 80, and 100 at. pet Au. Using the recent data of White, 
Adams, and Wulff for the surface energies, these ratios vield the 
following values of the absolute grain-boundary energies: 540, 390, 
350, 280, 290, and 340 erg cm 


Precipitation Processes in Mg-Th-Zr Alloys: Lorenzo 
Sturkey, The Dow Chemical Co. 


The rates of precipitation of Mze-Th compounds in a 
Mg-3.3Th-0.54Zr |HK31A!| have been studied at temperatures from 
600 to 700°F. Aging the completely solution-treated alloy pre 
cipitates both the equilibrium Mg-Th compound, of probable com- 
position Mg,Th, and a transition phase coherent with the matrix 
The transition phase gradually transforms into the equilibrium 
compound, but an increase in temperature increases its rate of 


formation more than its rate of transformation 


Quantitative X-ray spectrometer results from aged material, 
both as-cast and cold-rolled samples, show that the fraction | ot 


the available thorium precipitated may be described by 


At 635°F r (as-cast) 31 hr, r (30 pet cold-roll) 4.5 hi 


At 700°F: +r ‘as-cast) 4.4 hr, + 30 pet cold-roll) 0.67 hr 


Temperature changes have little effect on nucleation, and the 
increase in precipitation after cold rolling may be attributed to an 
increase in the number of precipitation nuclei. Since nucleation 
is apparently not an important factor, an activation energy for the 
diffusion of Th in Mg may be calculated to be 40-45 kcal per mole 

Electron diffraction patterns from the transition phase show that 
it is primarily cubic, a 8.57 A, with the CueMg, Laves-phase 
structure. One of the {111;! planes of this compound grows parallel 
to the basal plane of the magnesium matrix, and considerable 


stacking disorder occurs parallel to this plane 


THURSDAY, FEBRUARY 19, AM 


IMD 
Symposium on Alloy Strengthening at 
Elevated Temperatures 
Part I—Solute and Impurity Effects 
9:00 am St. Francis Hotel California Room 


Allan Lawley and W. D. Robertson, Associate Chairmen 


Effect of Alloying on Grain Boundary Deformation at 
Elevated Temperature: J. Intrater and S. Weinig 
Materials Research Corp 


Measurements by McLean of the contribution of the grain bound 


aries to the creep strain have shown that the grain boundary 


sliding accounts for less than 10 pct of the total elongation New 


results, however, indicate that grain boundary sliding per se, di 
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rectly effects the creep elongation and fracture characteristics. In 
fact, a linear relationship has been shown to exist between the 
grain boundary and the total creep strain. It has been shown that 
void formation which leads to fracture is caused by grain boundary 
sliding. Here again, a linear relationship between the amount of 
sliding and the number of voids in the boundary has been found. 


Many theories have been proposed for grain boundary sliding. 
In a study of grain boundary sliding in bi-crystal specimens, it 
was found that not only was grain boundary zone shearing as sug- 
gested by Rhines et al operative, but a different mechanism was also 
observed. The latter mechanism occurred without any plastic de- 
formation of the zone immediately adjacent to the boundary. It 
constituted pure grain boundary sliding 


It was established that void formation at the boundaries oc- 
curred due to the development of tensile stresses at the jogs. The 
mechanism proposed for pure grain boundary sliding is as fol- 
lows: Upon the application of a load, stress relaxation occurs in 
the interjog section. When the interjog length is sufficiently long, 
the stress at the jog exceeds the fracture strength of the material 
and rupture at the jog occurs creating a void. Sliding is then prop- 
agated catastrophically along the whole length of the boundary. 
Two effects are therefore occurring; sliding in the interjog section 
and local migration of the boundary. Both effects are interrelated. 


In the event that interjog sliding is the rate controlling process, 
then the effect of impurities will be to increase the sliding resist- 
ance by converting disordered regions at the boundary into more 
orderly regions 


If local grain boundary migration (elimination of jogs) is nec- 
essary for continuous grain boundary sliding and is rate control- 
ling, then the effect of impurities will be to decrease the rate of 
migration; and therefore, effectively prevent the interjog distance 
from increasing 


A series of experiments on polycrystalline specimens were per- 
formed in which internal friction measurements were used to de- 
termine the solute adsorption and then corrboratory creep tests 
were made on specimens of similar solute content. 


It was found that the greater the adsorption of the specific ele- 
ment, the less was the contribution to the over-all creep strain. It 
was further found that by increasing the total solute adsorption, 
using alloying elements of both positive and negative size factor, 
the grain boundary contribution to the creep strain was almost 
negligible 


The data obtained from both internal friction techniques and the 
directly read creep contributions of the grain boundary as a func- 
tion of solute adsorption substantiated the predicted alloying effects 
but does not determine which is the rate controlling process. It is 
the belief of the authors based upon theoretical consideration that 
the rate controlling process is that of local grain boundary 
migration 


Strain Aging During Creep of Armco Iron: J. Sward, 
The Elliott Co., Div. of Carrier Corp., and H. Conrad, 
Westinghouse Electric Corp. 


To investigate the effect of strain-aging on incremental-loading 
creep tests were conducted on Armco iron in the temperature range 
of 25 to 225°C. For stresses below the yield stress, microcreep oc- 
curred. When the stress reached the yield stress, macrocreep oc- 
curred after a delay time. The macrocreep curves were character- 
ized by a sudden large flow followed by a rapidly decreasing creep 
rate, so that creep practically ceased after a period of 1-2 min at 
25°C or after a period of less than 5 sec at 75°C and higher tem- 
peratures. Once macrocreep stopped, several stress increments were 
required to again initiate flow, indicating that the dislocations had 
become locked. The number of stress increments required for un- 
locking increased with incvease in temperature from 25 to 75°C but 
remained essentially constant for higher temperatures. Further, the 
number of increments required for unlocking was relatively in- 
sensitive to the total amount of previous strain. An evaluation of 
the data indicated that the locking of dislocations is due to the 
ordering of solute interstitials in the stress field of a dislocation. 


Strength, Stability, and the Equicohesive Point: E. E. 
Underwood, Battelle Memorial Institute. 


Solid Solution and Two-Phase Strengthening in Ni-Cr, 
Ni-Mo, and Ni-W Alloys at High Temperatures: 
Regis Pelloux and N. J. Grant, Massachusetts In- 
stitute of Technology. 


The effects of solid solution alloying and of a second phase on the 
creep rupture properties and deformation mechanisms of pure nickel 
were studied by means of creep rupture tests on binary alloys of 
nickel-chromium (19.59-29.3-35.8-40.12-44.95 wt pct Cr), nickel- 
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molybdenum (10.2-15.0-20.3-23.2-25.5-27.3 wt pct Mo) and nickel- 
tungsten (20-28-30.5-35.1-39.9 wt pct W) at 1200 and 1500°F. 


The mechanical properties of the solid solution alloys were de- 
termined at room temperature in order to have a basis of compari- 
son of the strengthening effects. The room temperature flow stress 
and ultimate tensile strength of the solid solution alloys increases 
in the order of chromium, molybdenum, and tungsten for the same 
content ‘at. pct) of solute element. At 1200 and 1500°F, for solute 
content less than 10 at. pct, the stress for rupture in 1 and 100 hr 
increases in the order of chromium, molybdenum, and tungsten, in 
the same manner as the flow stress at room temperature. For higher 
solute content the maximum strength of the solid solution alloys is 
obtained for the alloys which were saturated with solute element. 
For these alloys the strength increases in the order of tungsten, 
molybdenum, chromium, i.e., the higher the solute content at the 
limit of solubility, the greater the strength of the alloy. 


The effects of the second phase on the high temperature strength 
of the alloys are strongly dependent on the nature and dispersion 
of the second phase. The two-phase alloys were overaged past peak 
hardness prior to testing. At 1200°F the second phases MoNi, and 
WNi, contribute to an effective strengthening of the saturated solid 
solutions for short and long rupture life, while at 1500°F where 
diffusion rates are faster, significant strengthening due to the second 
phase occurs only in long time rupture tests. In the case of the 
nickel-chromium system, the second phase, a chromium rich solid 
solution, causes a decrease in the strength of the saturated nickel 
rich solid solutions. 


All fractures are intercrystalline in the longer time tests. The 
two-phase alloys invariably exhibit low ductility whereas the solid 
solution alloys showed a ductility which decreased in the order 
chromium, molybdenum, and tungsten. 

The comparison of strength, ductility, fracture behavior, and 
forgeability, of the alloys tested leads to some criteria for the de- 
sign of simple high temperature alloys 


On the Deformation Characteristics of Certain Dilute 
Copper-Base Solid Solution Alloys: N. G. Ainslie, 
R. W. Guard, and W. R. Hibbard, Jr., General Elec- 
tric Co. 


It has frequently been proposed that solid solution strengthening 
in face-centered cubic alloys raises the yield strength but has little 
effect on the flow curve in general. The effect of different solutes is 
related to the effects of size difference, valance difference and simi- 
lar variables on the yield stress. Evidence is presented that copper- 
base solid solutions with different solutes having equai grain sizes, 
no preferred crystallographic orientation, equal electron-atom ratios, 
and, within experimental scatter, identical initial yield strengths 
need not have identical stress-strain curves at strains larger than 
about 0.04. The stress-strain behavior is rationalized in terms of the 
chemical interaction between solute atoms and extended dislocations 
proposed by Suzuki and the mobility of dislocations using what is 
thought to be a somewhat different means of representing stress- 
strain data. 


The implications of this model with respect to the effect at ele- 
vated temperatures is discussed 


THURSDAY, FEBRUARY 19, AM 


IMD 
Research Summaries on Interfaces and 
Surfaces (III) 


(Based on Submission of Research Abstracts) 
9:00 am St. Francis Hotel Borgia Room 


O. D. Sherby, Chairman 


Evaporation of Dilute Liquid Iron Alloys: F. W. Kue- 
ther, Minneapolis-Honeywell Regulator Co. 


The evaporation of C, Co, Ni, Al, Cr, Cu, Mn, Si, and Sn from 
liquid iron have been measured at 1560 + 25°C in vacuum. Dilute 
binary liquid alloys were obtained by adding small known amounts 
of the solute element to a 30 gm melt of high purity iron. Collec- 
tion of the vapor started as soon as the addition was made and 
continued for a fixed period of time after which the power source 
was removed. Due to its small heat capacity the ingot cooled down 
to 1000°C in 30 sec and evaporation virtually ceased. Both the con- 
densed vapor and the solidified alloy were chemically analyzed 
for the solute element. 


Differences in the vapor pressure of the solute elements, when 
present in the liquid alloy, and the iron produced an increase or 
decrease in solute concentration. Only carbon of the above elements 
became progressively enriched during evaporation. The remainder, 
with the exception of cobalt and nickel, evaporated much more 
rapidly than iron and were correspondingly depleted. Cobalt and 
nickel evaporated at nearly the same rate as iron. The rate of 
evaporation of a particular solute element depends upon its con- 
centration. For a rapidly evaporating solute element, if this de- 
pendence is assumed linear then the atomic percentage changes 
exponentially with time of evaporation. For all solute elements 
studied here, the time constant for the exponential decrease, when 
corrected for crucible geometry and temperature, was in quantita- 
tive agreement with that predicted by Raoult’s law. If several of 
the above elements were present at the same time, each evaporated 
at the same rate as if it were a simple binary alloy. Raoult's law can 
be applied therefore to compute the purification accomplished after 
% of the iron atoms have evaporated. 


Vapor Pressure Studies of Nickel and the Alloys 5 Al- 
95 Ni, 20 Cr-80 Ni, and 4 Al-17 Cr-79 Ni: E. A. Gul- 
bransen and K. F. Andrew, Westinghouse Electric 
Corp. 


Vapor pressure studies were made using the Langmuir evapora- 
tion method on pure nickel and the alloys 5 Al - 95 Ni, 20 Cr - 
80 Ni and 4 Al - 17 Cr - 79 Ni. The results for nickel gave a heat 
of sublimation A H*» of 103.5 + 0.2 kcal per gm atom at 0°K. The 
vapor pressures were lower than those previously reported. 

Vapor pressures on the 20 Cr - 80 Ni alloy nearly followed Hen- 
ry's law, while the 5 Al - 95 Ni alloy showed negative deviations 
from Henry's law. The ternary alloy 4 Al - 17 Cr - 79 Ni show 
positive deviations from Henry's law and higher vapor pressures 
than the 20 Cr - 80 Ni alloy. 

Oxidized samples of nickel and the several alloys were also 
studied. Thick and thin oxide films had little effect on the vapor 
pressure curve of nickel. A small effect for the oxide film was noted 
on the 20 Cr - 80 Ni alloy. Studies on the 4 Al - 17 Cr - 79 Ni al- 
loys showed the oxide films to lower the vapor pressures of the 
alloy by a factor of 10. 

The role of vapor pressure in oxidation processes was briefly 
discussed. 


Vapor Pressure Studies of Iron and Chromium and the 
Alloys 5.4 Al-94.6 Fe, 21.9 Cr-78.1 Fe, and 4.8 Al- 
21.5 Cr-73.7 Fe: E. A. Gulbransen and K. F. Andrew, 
Westinghouse Electric Corp. 


Vapor pressure measurements were made on iron, chromium, and 
the alloys 5.4 Al - 94. 6 Fe, 21.9 Cr - 78.1 Fe, and 4.8 Al - 21.5 Cr - 
73.7 Fe to aid in interpretation of the mechanism of oxidation of 
the heat resistant alloy 4.8 Al - 21.5 Cr - 73.7 Fe. The addition of 
5.4 wt pct Al to iron lowered the vapor pressure by 50 pct while the 
addition of 21.9 wt pct Cr increased the vapor pressure. The 4.8 
Al - 21.5 Cr - 73.7 Fe alloy gave a vapor pressure curve close to 
that for pure iron. Aluminum appears to lower the vapor pressure 
of both iron and chromium in high temperature alloys. 

Oxide films formed on the chromium-iron alloy had only a small 
effect on the vapor pressure of chromium and iron from the alloy. 
However, oxide films on the alloys containing aluminum reduced 
the vapor pressures by a factor of ten. 

The high heat resistance of the aluminum-chromium-iron alloys 
is partly due to the action of aluminum in lowering the vapor pres- 
sures of iron and chromium in the alloy and to the fact that the 
oxide film further lowers the vapor pressure of iron and chromium 
by limiting diffusion of the metal ions to the surface. 


Grain Growth in Silicon Iron: P. K. Koh, Allegheny 
Ludlum Steel Corp. 


Isothermal salt bath annealing of cold rolled 3 pct Si-Fe sheet 
was conducted at temperatures ranging from 927 to 1260°C in 
order to investigate the grain growth behavior. Within the tempera- 
ture range studied, normal grain growth did not take place, instead 
nucleated grain growth prevailed. In the same temperature range 
the final grain size was found to decrease with increasing an- 
nealing temperature. Low temperature isothermal annealing pro- 
duces a strong (110) (001) texture, while high temperature an- 
nealing produces a considerably weaker texture of essentially (110) 
(001) type orientations. For the time-temperature study of the 
grain growth, use was made of the magnetic torque test to obtain 
fractional texture changes. Families of sigmoidal curves were 
observed. 

The decrease in grain size with annealing temperature could be 
explained by a decrease in the G/N ratio in the manner discussed 
by May and Turnbull in connection with impurity effects at various 
annealing temperatures. The present results also confirm the sug- 
gestion by May and Turnbull that the decrease in texture with in- 
creasing annealing temperature is due to the growth of grains 
deviating widely from the (100) [001] orientation which they 
ealled a micro-secondary recrystallization process. 


Kinetics and Mechanism of Dissolution of Copper in 
Ferric Chloride Solutions: H. M. Ferrari, Westing- 
house Electric Corp., and M. J. Sinnott, University 
of Michigan. 


The reaction between copper and ferric chloride has been of con- 
siderable industrial importance for many years. It has been used 
primarily in the photoengraving industry to produce plates to be 
used in the printing processes. In recent years the process has been 
used to produce printed circuits in the electronics and electrical 
industries. While considerable industrial utilization has been made 
of this process, the many variables associated with the process have 
not been adequately investigated in order to determine the me- 
chanisms that are operating. In the present investigation the kinet- 
ics of dissolution of copper in ferric chloride solutions were studied 
as a function of solution and metallic variables 

Data on the dissolution rates of copper single crystals as a func- 
tion of the ferric chloride concentration; the ion contents of 
chloride, ferric, cupric, ferrous and hydrogen; the dissolved oxygen 
content; and the metallic variables, crystallographic orientation and 
surface finish were obtained. Mechanisms describing the reactions 
which are in agreement with the kinetic data are presented. The 
reaction is a diffusion controlled process at temperatures above 7°C 
and is independent of the metallic variables and controlled by the 
rate at which complex ions diffuse to the copper surface and by 
the rates at which chloride ions diffuse to a cuprous oxide film. At 
7°C the process is chemically controlled and the 
a function of the orientation of the copper 


temperatures below 
dissolution rate is 


crystals 


Phase Relations and Precipitation in Cobalt-Titanium 
Alloys: R. W. Fountain and W. D. Forgeng, Electro 
Metallurgical Co., Div. of Union Carbide Corp. 


Cobalt-titanium alloys containing 3 to 30 pct Ti have been studied 
by metallographic, X-ray diffraction, hardness, and electrical re- 
sistivity methods. As a result of this investigation, a modified cobalt- 
titanium equilibrium diagram has been constructed. The principal 
modifications are: 


1. The existence of a new intermediate phase, y, with a FCC 
crystal structure and ranging in composition from about 17.0 to 21.7 
pet Ti at temperatures below 1000°C. The lattice parameter of this 
phase varies from 3.604 to 3.613A with increasing titanium content 

2. The formation of 4 by a peritectic reaction between § cobalt 
solid solution and liquid at about 1200°C. At the peritectic temper- 
ature, the 4 phase contains about 14 pct Ti 

3 A eutectic between the intermetallic compound, CosTi, and 
the rather than cobalt-rich solid solution, and a higher 
eutectic temperature than previously (~1170°C) 

4. A solid solubility of less than 3 pct Ti in cobalt at temper- 
atures below 700°C 


>» phase 


reported 


Changes in hardness upon precipitation of the » phase in alloys 
containing 3, 6, and 9 pct Ti were found to be associated with an 
a plateau and then a 


Electrical resistivity 


initial rapid increase in hardness followed by 
second, more pronounced hardness increase 
measurements suggested that two different kinetic processes were 
involved in this behavior. The first stage which takes place in very 
short time periods is characterized by a large value for the time ex- 
ponent which suggests that the precipitate has the form of very thin 
With further aging, the value of the time exponent de 
creases almost discontinuously to a lower value, suggestive of early 


plates 
impingement during the growth of the precipitate particles 


Oxidation of Tin: C. Luner, U. S. Steel Corp 


The oxidation kinetics of tin have been studied over a range of 
temperatures from 168 to 211°C and oxygen pressure from 4 to 10 
mm Hg using a manometric method. The oxide formed was iden- 
tified as a-SnO by electron diffraction 

Reproducible rate curves were obtained when the tin samples 
were pretreated by degreasing and air drying. However, when the 
tin surface was pre-treated by abrasion under alcohol with alum- 
ina, reproducibility was not obtained. Microscopic examination re 
vealed that the alumina was embedded in the tin surface. These 
results point out the importance of surface treatment in the study 
of the oxidation of metals, especially where the metal is soft and 
the abrasive can be embedded in the surface 

The kinetics follow a 


dw 


were found to logarithmic equation, 
where w is the oxygen consumed per sq cm, a and a 


dt 
are constants. The integrated form of this equation can be written 


(Init + t In to) 
a 


with t The constants a and to were evaluated and used to 


aa 


calculate a, which is the initial rate when t 0. The calculated 


rates were in close agreement with those obtained experimentally 
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An apparent activation energy of 23.3 Keal per mole was obtained 
from the temperature dependence on the initial rate 
Possible mechanisms for the oxidation are discussed 


Surface Energy Effects in the Mechanical Properties of 
Solids: S. Floreen, E. E. Hucke, and D. V. Ragone, 
University of Michigan 


A number of investigations have shown that surface environment 
may have a significant effect in the deformation of solids. At the 
present time no complete theory has been evolved which satis- 


factorily accounts for these effects 


It would appear that a general theory can be evolved which pre- 
dicts the effect of environment, This theory is based on surface 
energy ind the change in surface energy with strain. Theoretical 
treatments by Herring and Shuttleworth have shown that the sur- 
face energy of a solid should vary with strain. If this is true, many 
of the observed phenomena can be explained on a surface energy 
basis. In particular, the change in elastic modulus, the change in 
ductility and fracture strength, the strength of metal whiskers, 
hot tearing, and stress corrosion as a function of environment may 


well be explained on this basis 


This generalized theory does not necessarily disagree with the 
current explanations offered for the effect of environment. Both 
Herring and Van der Merwe have shown that the surface energy 
may be considered in terms of dislocation theory. Thus surface 
energy considerations could be applied to the dislocation theories 
of solids. In the same manner surface energy considerations could 
slso be applied to the theory that environment effects are caused by 


micro cracks at the surface 


Interface Compositions in Multi-Phase Cu-Zn Diffusion 
Couples: Victor Macres, Stanford University, J. T. 
Norton, and R. E. Ogilvie, Massachusetts Institute of 
Technology 


The compositional gradients and interface compositions in multi- 
phase Cu-Zn diffusion couples were studied to determine the agree- 
ment between those observed and what one would expect from the 
diagram 


equilibrium phase 


Copper-zine, alpha brass-zinc, and beta brass-zine couples were 
prepared and diffused at 400°C for 2.0, 4.6, 9.6, 17.2, 26.1, 50, 102, 
and 169 hr. Two phase alloys of beta-gamma, gamma-epsilon and 


epsilon-eta were also prepared and equilibrated at 400°C 


The compositional gradients and compositions of the individual 
grains in the two phase alloys were measured with an electron 


microbeam probe. The probe size is about 2 « in diam 


It is concluded that the interface compositions remain constant 
with diffusion time and that the interface compositions are those 


expected from the phase diagram 


Of particular interest is the results of the Matano analysis on the 
gamma phase. At 34 pct Cu the diffusion coefficient is seventy 
times greater than,at 40 pet Cu. This can be explained on the 
basis of a defect lattice developing in the zinc region 


Effect of Elastic Strain on the Electrode Potential of 
Metals: Ling Yang, G. T. Horne, and G. M. Pound, 
Carnegie Institute of Technology. 


Some of the more careful measurements of the electrode potential 
of uniaxially stressed pure metals show that tension makes the 
metal more noble while compression makes it less noble. The mag- 
nitude of the potential shift is of the order of several tenths of 
a millivolt per 1000 psi. These results contradict the classical theory 
of Gibbs which shows that the chemical potential has properties of 
a tensor and predicts that either uniaxial tension or compression 
should make the metal less noble by several microvolts per 1000 psi 


In the present work it is shown that choice of a different set of 
physical constraints for transport of atoms leads to a chemical po- 
tential that is not of a tensorial nature and predicts electrode poten- 
tials in good agreement with observation, The plausibility of these 
non-Gibbsian constraints in electrochemical processes is discussed 


Phase Relations in the Ti-Al System: Elmars Ence and 
Harold Margolin, New York University. 


Several investigations have raised questions as to the validity of 
the published version of the Ti-Al System. The present work, deal- 
ing with the portion of the diagram up to 16 pct Al and below the 
melting point, has revealed, in addition to a and §, the existence of 
two phases and by both metallographic and X-ray examination 
The solubility of aluminum in beta titanium is quite extensive, 
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going beyond the limits reported here. The position of the 8/8 xX 
boundary is approximately the same as reported by earlier in- 
vestigators for the B/a 8 boundary. The solubility of Al in a is 
restricted and at 800°C is approximately 8 pct 

Alpha forms peritectoidally by the reaction 8 + 4 — a in the 
vicinity of 1075°C. The 4-phase occurs in the composition region 
9-16 pet Al and forms by the peritectoid reaction 68 + 4 — 4 in the 
vicinity of 1150°C. The structure of § is believed to be hexagonal 
and the phase is unstable, transforming to 4', similar in structure 
to a-titanium 

The gamma phase, previously indicated as TiAl, has been re- 
ported by the authors as having a hexagonal structure with c/a ap- 
proximately ‘2, that of qa-titanium 


THURSDAY, FEBRUARY 19, AM 


ISD Basic Science of Steelmaking 
9:00 am 


N. A. Gokcen and C. W. Sherman, Associate Chairmen 


St. Francis Hotel Georgian Room 


Kinetics in the Reduction of Silica From Blast Furnace 
Type Slags: J. C. Fulton, Allegheny Ludlum Steel 
Corp., and John Chipman, Massachusetts Institute of 
Technology. 


Some Thermodynamic Properties of Si,sN,: R. Pohlke 
and J. F. Elliott, Massachusetts Institute of Tech- 
nology. 

Activities of CaO, Al.O,, and SiO, in CaOQ-Al,O,-SiO 
Slags: F. C. Langenberg, Crucible Steel Co. of Amer- 
ica, and John Chipman, Massachusetts Institute of 
Technology. 


Kinetics of Vacuum Induction Refining-Theory: E. S. 
Machlin, Utica Metals. 


THURSDAY, FEBRUARY 19, AM 


Refractories 
St. Francis Hotel 


EMD 


9:00 am 
J. A. Pask and A. E. Fitzgerald, Associate Chairmen 


Italian Room 


Selection of Refractories for Lead Reverberatory Fur- 
naces: O. M. Wicken, Harbison-Walker Refractories 
Co. 

Extension of Nonferrous Metallurgy Techniques 
Through Full Use of Properties of Super Refrac- 
tories: R. W. Brown, The Carborundum Co. 


Problems Unique to the Secondary Aluminum In- 
dustry: W. H. Stewart, H. K. Porter Co. 

Cermets-Current Types and Applications: T. J. Planje, 
Missouri School of Mines. 


THURSDAY, FEBRUARY 19, AM 


Chlorination Processes (1) 


9:00 am St. Francis Hotel Colonial Room 


R. M. Horning and L. W. Coffer, Associate Chairmen 


Process Development Program for Chlorination of Ox- 
ide Ores: J. F. Heiss, Stauffer Chemical Co. 


The development of a typical metal chlorides process from the 
laboratory stage through large-scale pilot plant testing will be dis- 
cussed. Flow sheets showing alternative processes for manufacturing 
metal chlorides will be presented. Information which should be col- 
lected during the development program in order to properly design 
the commercial plant will be outlined. Factors to be considered in 
process equipment selection will be listed. Benefits of large-scale 
piloting of a metal chlorides operation will be discussed 


_ | 
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Pellet Bed Chlorination of Zirconium Oxide: A. T. 
McCord, Carborundum Metals Co. 


Pilot plant production of ZrO» pellet feed material and the devel- 
opment of a chlorinator in which to chlorinate this type of feed 
material will be discussed. Intimacy of mixing of the components in 
the pellet and complete utilization of chlorine will be emphasized 


Preparation of Zirconium in a Continuous Ram Re- 
actor: W. W. Dunham, Jr. and R. D. Toomey, Na- 
tional Lead Co. 


A pilot plant process for the production of reactor-grade zirconium 
ingots is described. The process includes a continuous reduction step, 
wherein ZrCl, is reduced to metal and then consolidated and ex 
truded in dense compact form. With no further processing, the 
compact is arc melted as a consumable electrode to ingot of ex 
ceptionally high purity 

A review of the principles involved, quality data, and the com- 
mercial potential of the process is presented 


Anhydrous Chromic Chloride Production by Chlorina- 
tion: T. S. Perrin, R. L. Annis, R. G. Banner, F. S. 
Mahne, and J. Kourilo, Diamond Alkali Co. 


High temperature chlorination of chromic oxide to produce pure 
anhydrous chromic chloride by a practical process has been 
achieved. A pilot plant capable of producing 50 Ib of CrCl, per 
hour is in operation. Work is underway for chlorinating other chro- 
mium bearing materials 


EMD 
First Extractive Metallurgy Division 
Lecture 
St. Francis Hotel 
H. H. Kellogg, Chairman 
Speaker: W. J. Kroll, Consulting Metallurgist. 


11:00 am Colonial Room 


Subject: The Present State of Titanium Metallurgy 


THURSDAY, FEBRUARY 19, PM 


IMD 
Symposium on Alloy Strengthening at 
Elevated Temperatures 
Part II—Dispersion and Precipitation Effects 
2:00 pm St. Francis Hotel 


James Poynter and G. M. Ault, Associate Chairmen 


California Room 


Solute and Precipitation Effects on the High-Tempera- 
ture Strength of Ni-Ti Alloys at Elevated Tempera- 
tures: R. W. Guard, General Electric Co. 


The nature of the creep curves at elevated temperatures from 
1200-1500°F are examined for a number of different compositions 
across the Ni-Ti binary from 0-6.4 A/O Ti. The variation of creep 
strength and the effects of alloying ‘both single phase and two 
phase! on the shape of the creep curve and the temperature and 
stress dependence of the creep rate are described for the alloys 

The results are discussed on the basis of presently available the- 
ories of solute and precipitate effects. It is demonstrated that a 
solute strengthening persists at temperatures above that expected 
from the usual atmosphere model. The measurements of temper- 
ature dependence of the strength do not indicate any change of the 
optimum particle size from fine to coarse within the temperature 


region studies 


Iron-Alumina Materials: A. Gatti, General Electric Co. 


Role of Oxygen and Nitrogen in Vacuum and Air Melt- 
ing of a Complex Heat-Resistant Alloy: R. F. Decker, 
The International Nickel Co., Inc., J. P. Rowe, and 
J. W. Freeman, University of Michigan. 


The relative hot workability and the creep-rupture properties at 
1600°F of a 55Ni-20Cr-15Co-4Mo-3Ti-3Al alloy were evaluated for 
iboratory vacuum-induction, vacuum-are, and air-induction melt- 


ing. The main emphasis was placed on the role of oxygen and ni 
trogen. The effects of these elements was studied when they were 
added after vacuum melting as well as when they were derived 
through the melting method. Because trace amounts of boron and 
zirconium were known to markedly improve both hot workability 
and creep rupture properties, the investigation included these ele 
ments as variables 

The level of boron and/or zirconium was far more influential on 
the properties than the melting method. Vacuum melting, however, 


had the following advantages 


1 Corner cracking was reduced and bar surface improved dur 
ing hot rolling 

2. Creep-rupture properties were more uniform within a heat 

3 Creep-rupture properties were somewhat superior at low 
boron plus zirconium heats and in heats with only zirconium. Air 
heats were, however, superior at high levels of boron plus zi! 
conium 

4 The oxide and carbo-nitride inclusions were fewer 

5 Phosphorus level was reduced although property changes 


could not be related to this effect 


Oxygen or nitrogen added alone to heats after vacuum melting 
had practically no effect on creep-rupture properties. They did in 
crease the number of oxides or carbonitrides in the structure 

Exposure to air after vacuum melting resulted in higher duc- 
tility in the rupture test than was obtained by any other melting 
condition. This suggests that these elements are beneficial to duc 
tility and that vacuum melting does remove unidentified elements 
detrimental to ductility. The susceptibility to corner cracking dur 
ing hot rolling was increased over vacuum melting. The poor sur- 
face obtained during rolling of air melted heats, however, did 
not result 

The carbonitrides in the grain boundaries of heats melted in alt 
initiated microcracks during creep. This did not occur where the 
heat was exposed to air after vacuum melting. This was the only 
factor found to account for the improved ductility of heats exposed 
to air after vacuum melting. The intragranular oxides and car 
bonitrides did not initiate microcracks 


Phases Present in M-308 and Super A-286 and Thei: 
Relation to Mechanical Properties: M. Kaufman 
General Electric Co 


Previous work has shown the necessity of information on the 
distribution and temperature dependence of the phases present in 
alloys meant for elevated temperature service, especially where the 
temperature of operation is in a region which affects the phases 
The phases and their distribution, together with the grain size at a 
given temperature, largely determine the mechanical properties of 
an allov. Results on two iron-nickel-chromium base alloys, super 
A286 (V57' and M308, are reported here 

The phases, and their temperature dependence, were determined 
by X-ray diffraction examination of electrolytically extracted 
residues from samples with various heat treatments Metallographi« 
methods were used to determine the phase distribution 

In general, the two alloys have the same basic strengthening 
phases: NiyTi and MgTi. In addition both have Ti'C,.N), and super 
A286 can develop an effective amount of G phase. Other phases 
appear in both alloys in much smaller amounts. The major dif 
ference in the action of the NisTi and MyTi in the two alloys 1s 
that the phases are dissolved in the super A286 matrix at about 
1700°F and 1850°F respectively compared to about 1850°F and 
2000°F respectively in the M308. This increased stability immedi 
ately indicates that the M308 alloy will retain its mechanical prop 
erties to a significantly higher temperature than the super A286 

For both alloys, two solution heat treatments had been devel 
oped—one for maximum tensile strength and one for maximum 
stress-rupture life. The maximum tensile strength solution treat 
ments for each are actually solution treatments for the NisTi phase 
but are precipitation treatments for the MeTi phase. The M:Ti 
phase ‘and G phase in the super A286) precipitate as fine particles 
throughout the matrix and/or as occasional coarse particles at the 
grain boundaries. Subsequent aging leads to precipitation of the 
NisTi phase which occurs mainly in the matrix. The coarse M Ti 
‘and G phase) particles at the boundaries apparently deplete this 
region of titanium. The combination of MeTi and NiyTi dispersed 
throughtout the matrix leads to high tensile strengths The maxi 


mum rupture life solution treatment does dissolve all the active 
phases and also may increase the grain size. When aged (‘at the 
same temperature as is used with the maximum tensile strength 


treatment) only NiyTi precipitates. However, it now does form a 
together 
with the increased grain size, acts to increase rupture life. The 
strengthening of the matrix obtained is not as great as the con 
dition which has both MeTi and NiyTi present in the matrix. (The 
MeTi is considerably harder than NiyTi). Fatigue life suffers con 
currently with the production of the continuous grain boundar) 


fine, nearly continuous grain boundary network which, 


network 
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Growth of Ni, (Al, Ti) Precipitate in a Ni-Cr-Ti-Al 
Alloy: N. E. Rogen and N. J. Grant, Massachusetts 
Institute of Technology. 


THURSDAY, FEBRUARY 19, PM 


IMD 


Research Summaries on Interfaces and 
Surfaces (IV) 


(Based on Submission of Research Abstracts) 


00 pm St. Francis Hotel Borgia Room 


R. Huggins, Chairman 


Stress-Corrosion Cracking in Single Crystals of AZ61X 
Magnesium Alloy: F. Meller, Ford Motor Co., and M 
Metzger, University of Illinois 


Coarse grained specimens and single crystals of solution treated 
6Al-1Zn-0.3Mn magnesium alloy were tested in several aqueous en- 
vironments by Strain 
markings on the electropolished surface were followed during the 
course of the test and X-ray examination was made before and 


stressing stepwise in tension to failure 


ifter testing. In the first group each specimen contained several! 
grains of different orientations; in these, cracking was not observed 
until one grain had suffered some plastic strain and the crack 
formed in that grain. Only one failure along the basal plane was 
noted. The second group consisted of single crystals having basal 
planes at an intermediate angle to the specimen axis; in these 
cracking was preceded by basal slip and the crack ran at an angle 
of 70 to 90° to the basal plane. This non-basal cracking was pro- 
duced at low tensile stresses, in the range 3500 to 4500 psi. The 
conditions required for this mode of cracking and the significance 
of the plastic deformation prior to cracking are discussed. It is 
postulated that this mode of cracking is inhibited in polycrystalline 
material and this accounts for the difference between the present 
»bservations and those of Priest, Beck and Fontana who noted that 
failure tended to follow the basal plane in highly stressed poly- 
crystalline specimens of this alloy 


On the Structure and Properties of Bicrystals With 
Common Lattice Sites: C. G. Dunn, General Electric 
Co 


Since the manner in which recrystallization nuclei form and the 
rate at which they grow may depend on special relationships with 
their surroundings, it is important for this reason alone to consider 
and describe groups of bicrystals having as a variable the number 
of common lattice sites. Properties such as grain boundary energy 
and grain boundary diffusion have been measured or calculated for 
bicrystals having common lattice sites. Opinions have been given 
on the manner in which common lattice sites may affect the rate 
of migration of a boundary when a driving force is present. Aust 
and Rutter have shown from quantitative measurements on bound- 
ary migration in zone refined lead that common lattice sites appear 
to have a strong affect, provided small amounts of tin are added 
to the lead. Since rate of boundary migration is expected to de- 
pend on the volume fraction of common sites, a three dimensional 


description of the structure is needed 


and volume 


The treatment of the structure the fraction 


of common lattice sites follows that begun by Kromberg and Wil- 


present 
son and extended by Frank. Emphasis, however, is on the BCC 
lattice. The procedure for obtaining all of the important relation- 
ships such as those that can be given in terms of an angle of ro- 
tation about a common 110 axis, for example, is formulated and 
the results expressed by a sequence of decreasing volume fractions 
A number of two dimensional models showing the structures are 
given. Results are correlated with published data for primary re- 
energy and grain boundary 


crystallization, grain boundary 


diffusion 


Grain Boundary Migration in Zone Refined Lead With 
Small Additions of Tin: A Comparison of Theory and 


Experiment: J. W. Rutter and K. T. Aust, General 
Electric Co 
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In @ previous experimental study of grain boundary migration 
in zone refined lead with small tin additions, two types of high- 
angle boundary were observed. It was found that the speed of 
migration of the special type, which always separates grains hav- 
ing a special relative orientation relationship ‘rotation of 38° or 22° 
about a common <111> axis or by 28° about <100>), is relatively 
little decreased by an increase in tin content in the range 5 to 20 
ppm by weight and the activation energy for migration is constant 
at 6 Keal per g atom. The random type, which separates grains in 
random relative orientation, shows a migration speed which is 
relatively sharply decreased by an increase in tin content from less 
than 1 to 15 ppm and an activation energy which increases from 
about 15 to 40 Keal per g atom with increasing tin content in this 
range 


These quantitative observations are compared with the predic- 
tions of various theories of grain boundary migration which, prior 
to this work, could not be critically evaluated. The following con- 
clusions are reached: 1) The dislocation theory of boundary migra 
tion is not applicable to large-angle grain boundaries. 2) The results 
do not support the group process theories of grain boundary migra- 
tion which suggest that the activation process is the disordering or 
melting of a group of atoms along the boundary. 3) The very high 
activation energies frequently observed in recrystallization and 
grain growth experiments are attributed to the effects of solute im- 
purity atoms. 4) The elementary process of grain boundary migration 
involves the activation of only one atom, as assumed in the single- 
process theory. This process appears to be similar to that of grain 
boundary self-diffusion, as suggested by Turnbull. 5) The quantitative 
predictions of the theory of impurity-controlled boundary migration 
advanced by Liicke and Detert were not verified 


Orientation Relationships for Grain Boundary Migra- 
tion in Zone-Refined Lead: K. T. Aust and J. W. 
Rutter, General Electric Co. 


In previous studies of the growth of recrystallized grains into 
melt-grown, striated single crystals of zone refined lead, special 
orientation relationships were frequently observed between the re- 
crystallized grain and the striated crystal into which it grew. How- 
ever, these special orientation relationships, in which the two 


crystals were related by rotations of 22° or 38° about a common 
111 axis or by 28° about a common <100 axis, were only 


obtained when the zone refined lead contained 5 to 40 ppm Sn, by 
weight. With a tin content less than 1 ppm, the orientation rela- 
tionships were essentially random (16° to 60° about high-index 
rotation axes). Kinetic data showed that boundaries separating 
crystals in special orientation relationship have a much higher 
mobility than other grain boundaries when the tin concentration Is 
in the 5 to 40 ppm range; this difference in mobility becomes small 
as zero tin concentration is approached 


In order to test the possibility that an insufficient number of 
nuclei were introduced to allow selective growth to operate in the 
case of zone refined lead with less than 1 ppm Sn, orientation rela- 
tionships were determined for recrystallized grains introduced under 
a variety of conditions. For example, localized deformation at the 
temperature of liquid nitrogen, followed by growth under various 
annealing conditions, was employed. In all cases of high-purity 
material studied, random orientation relationships have been ob- 
tained. It is concluded that the presence of solute impurity plays 
a major role in promoting the development of special orientation 


relationships 


Results have also been obtained concerning the effect of siiver 
as solute on the rate of grain boundary migration and the develop- 
ment of special orientation relationships in zone refined lead 


The experimental observations are discussed in relation to an- 
nealing textures which have been observed in face-centered cubic 


metals 


Oriented Nucleation and Recrystallization Textures: 
J. L. Walter, General Electric Co 


During the deformation of a metal, regions are formed which 
upon heating act as centers of recrystallization. From these nuclei 
new grains form and by growth eventually consume the deformed 
matrix. The new grains do not have the same orientation as the old 
deformed grains. This nucleation and growth is called primary 


recrystallization 


The textures obtained on primary recrystallization are determined 
by the disposition and growth propensity of the nuclei after defor- 
mation. Subsequent texture changes by normal grain growth and 
discontinuous grain growth are dictated by the textures and struc- 
tures developed during primary recrystallization. It is of interest 
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to understand the factors that determine the disposition and growth 
of nuclei from the deformed matrix. In particular, it is desirable to 
know whether nuclei of all orientations are present in the matrix 
or whether they are restricted to certain preferred orientations 

The rolling and annealing textures of (100){001!| single crystals 
of silicon iron were studied. The crystals were reduced in the range 
from 65 to 92.5 pct in thickness and annealed at 700 and 1000°C 
in salt baths. Although the deformation textures differed according 
to the amount of reduction, the early forming primary recrystalliza- 
tion textures were always a spread (100)(001! type. Weak com- 
ponents of the deformation textures were found in the same ori- 
entation as the recrystallization texture, except for samples rolled 
92.5 pet. It was concluded that the nuclei for primary recrystalliza- 
tion in this system consisted of areas of the single crystal that had 
not rotated as far as the major portion of the crystal during defor- 
mation. The rate of growth of these nuclei depends on the extent 
of the deviation from the major part of the deformed and rotated 
lattice 


Effects of Grain Boundary Structure on Precipitate 
Morphology in an Fe-Si Alloy: S. Toney, General 
Electric Co., and H. I. Aaronson, Ford Motor Co. 


Oriented bicrystals of an Fe-1.55 pct Si alloy which could be par- 
tially transformed from ferrite to austenite by heating to elevated 
temperatures were used to examine the effects of grain boundary 
structure upon the morphology of the austenite crystals nucleated 
at the boundary 

Most of the bicrystals prepared were of the (110)(001] type, with 

the angular disorientation of the cube directions, varying between 
‘2° and 44°. One small angle (%° or 1°) and one large angle (22'2° 
or 23°) boundary of each of the following types was also grown: 
(110) (001), 4 45°: (100)[001]: and (100)[011]. Isothermal trans- 
formation of sections of individual bicrystals was carried out at 
temperatures between 990 and 1030°C 


In the (110)[001| series of bicrystals, the tendency toward pref- 
erential growth along the grain boundary was small when 4 < 6°. 
Austenite crystals formed in several morphologies, with idiomorphs 
‘approximately equiaxed crystals) appearing most frequently. At 

11°, an incréased tendency toward growth along the boundary 
was observed. Allotriomorphs (crystals which grow primarily along 
the boundary) were clearly the predominant morphology at larger 
angle grain boundaries. Similar morphological patterns were ob- 
served in the (110) [001], 4 45° bicrystals and in the larger angle 
bicrystals of the two (100) series. At the small angle grain bound- 
iries in the (100) series, however, the tendency toward allotri- 
omorphic growth, though smaller than at the large angle bound- 
aries, appeared to be greater than at the small angle boundaries in 
the (110) series 

The similarity of the orientation dependencies of grain boundary 
diffusion and austenite morphology in silicon-iron indicates that 
preferential diffusion along the boundary plays an important role 
in the formation of allotriomorphs at large angle grain boundaries 
At the small angle boundaries, the presence of both edge and screw 
dislocations in the boundaries of the (100) bicrystals and of pri- 
marily edge dislocations in the boundaries of the 110) bicrystals 
may be responsible for the morphological differences observed 


Transformation Mechanisms in a Hypereutectoid Tita- 
nium-Chromium Alloy: H. I. Aaronson, Ford Motor 
Co., W. B. Triplett, Carnegie Institute of Technology, 
and G. M. Andes, E. I. du Pont de Nemours and 
Co., Inc. 


The proeutectoid TiCr, and the eutectoid transformations in a 
Ti-17.42 pct Cr alloy have been studied metallographically and 


compared with their counterparts in hypoeutectoid Ti-Cr alloys 


structures are prominent at temperatures be- 


Proeutectoid TiCr 
tween the transus (790°C) and approximately 650°C. At lower tem- 
peratures (through 550°C), the increasingly early intervention of 
the eutectoid reaction largely confines the proeutectoid reaction to 
the formation of progressively thinner rows of crystals along the 
gratin boundaries 

Grain boundary allotriomorphs are the dominant proeutectoid 
morphology throughout the temperature range investigated. Side- 
plates and intragranular plates form only in small numbers. Idio- 
norphs appear intragranularly at higher temperatures. Sympathetic 
nucleation plays only a minor role in the formation of proeutectoid 
TiCr, structures. Appreciable variations in TiCre morphology fre- 
quently develop along even those grain boundaries whose orienta- 
tion is approximately constant 


The foregoing morphological pattern differs markedly from that 
of the proeutectoid alpha reaction, in which plates form prolifically, 
diomorphs not at all, and allotriomorphs are only a minor com- 
ponent of the microstructure at temperatures more than about 


25°C below the transus. The correlation between grain boundary 
orientation and morphology is much better in the alpha reaction 
and sympathetic nucleation appears to be responsible for the for- 
mation of most of the crystals in the microstructure at some tem- 


peratures 

An attempt will be made to provide a basis for understanding the 
morphological differences between the two proeutectoid transfor- 
mations, in terms of the effects of the amount of undercooling 
below the transus on the ratio of the rate of migration of the dis- 
ordered facets of interphase boundaries to that of facets with 
dislocation structures 

The eutectoid reaction in Ti-17.42 pet Cr is non-lamellar in 
character at 675°C (‘as previously found in hypoeutectoid alloys), 
but an increasingly prominent lamellar component appears at lower 


temperatures 


Thermal Etching and Evaporation of Chromium in Hy- 
drogen: M. J. Fraser, Westinghouse Electric Corp. 


Rolled chromium sheet (99.96+ pct Cr), when heated at elevated 
temperatures under purified hydrogen (1 atm), undergoes thermal 
etching and evaporation. Four temperatures, 1100, 1300, 1400, and 
1500°C were selected for isothermal anneals and the times ranged 
from 67 to 24 hr depending on the temperature. The resulting sur- 
face structures were studied at room temperature by X-ray, and 
by optical, interference, and electron microscope techniques 

At 1100°C, generally, only thermal grooves are developed at 
grain boundary-surface intersections, but at higher temperatures, 
the surface is striated, leading to various configurations depending 
on the temperature and the orientation of the particular crystal with 
respect to the surface. At temperatures above 1100°C, chromium 
develops {100}, {110}, and {112} facets 

Evaporation occurred by a lamellar mechanism on both the (100) 
and {110} planes, but significant differences in the lamellae struc 
ture were observed, High-amplitude lamellae were noted to be 
subdivided into units of much lower amplitude. Also, cross 
facetting was often noted at lamellae edges. Other characteristics 
of both low and high-amplitude lamellae are reported. The sources 
of the lamellae, where a well developed lamellar pattern is observed, 
re grain boundary grooves as well as pit sources within the grains 


Influence of Thermal History on Preferred Orientations 
in the Recrystallization of Technically Pure Alumi- 
num: B. G. Liebman, Brown University. 


The influence of the state of impurities (dissolved or precipitated) 
on the generation of preferred orientations in recrystallization of 
strained aluminum single crystals has been investigated. The crys- 
tals contained 99.97 pct Al, 0.09 pct Fe, 0.09 pct Si and 0.03 pet 
Zn, only the iron not being well within its solid solubility limit 
No preferred orientations were obtained when the crystals were 
annealed for several hours at 620°C prior to deformation, On re- 
heating at temperatures below 500°C, the yield point of the crys 
tals increased, reached a maximum and finally decreased, a typical 
behavior correlated to the precipitation of a second phase (iron) 
Recrystallization produced preferred orientations in samples which 
were reheated until the maximum yield point was reached or ex- 
ceeded. This would indicate that iron in supersaturated solid solu 
tion prevents the generation of preferred orientations while it has 
no effect of this kind when precipitated. This effect of the state of 
impurities explains contradictory results previously obtained by 
different groups (Graham-Cahn, and Liebmann-Licke-Masing) in 
vestigating growth rates and preferred orientations in the recrys 
tallization of aluminum single crystals 


the prevention of preferred orientations 


A possible mechanism for 
by dissolved iron is discussed ‘based on growth selection and in- 


teraction between grain boundaries and foreign atoms) 


THURSDAY, FEBRUARY 19, PM 


ISD Gas-Metal Research 


2:00 pm St. Francis Hotel Georgian Room 


F.C. Langenberg and Bruce Wagner, 
Associate Chairmen 
T. F. Kaveney, Discussion Leader 

Solubility of H and N in Binary Alloys of Fe, Co, Ni 
T. I. Busch and R. A. Dodd, University of Pennsy]- 
vania. 

Solubility of N in Fe-Mn Alloys: R. A. Dodd and N. A 
Gokcen, University of Pennsylvania 
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Hydrogen Solubility in Liquid Iron Alloys: T. B. King 
and J. Humphries, Massachusetts Institute of Tech- 
nology 


N Solubility in Liquid Fe-Ni-Cr Alloys: J. F. Elliott 
and J. C. Humbert, Massachusetts Institute of Tech- 
nology. 


THURSDAY, FEBRUARY 19, PM 


Chlorination Processes (II) 


2:00 pm St. Francis Hotel Colonial Room 


R. A. Gustison and D. H. Baker, Jr., Associate Chairmen 


Flash Chlorination of Very Finely Divided Metal Ox- 
ides: S. S. Cole and L. W. Rowe, National Lead Co. 


A means for the fluosolids chlorination of very finely divided 
1-50 micron size) oxides by passage through a restraining bed of 
coarser material is described. Operating data obtained with a small 
scale unit are included 


Chlhorination of Titanium Slags: E. C. Perkins, H. Dole- 
zal, and R. S. Lang, U. S. Bureau of Mines. 


Titanium slags produced from five domestic ilmenite deposits 
were evaluated by chlorination in a small continuous moving bed 
chiorinator. The effect of the slag impurities on efficiencies and 
operation are discussed 


Use of a Packed Column for Purification of Chlorinated 
Ilmenite Vapors: V. A. Nieberlein, U. S. Bureau of 
Mines 


Carbon Reactivity as a Factor in the Chlorination of 
Metallic Oxides: T. J. McIntosh, Tennessee Products 
and Chemical Corp., and L. W. Coffer, Battelle Me- 
morial Institute 


The reduction of carbon dioxide by carbon is strongly endo- 
thermic and is also a slow reaction. The reactivity of the solid car 
bon exerts a strong influence on the rate, and the equilibrium of 
the reaction 
c+co 

nay not be approached closely in practice 

The above facts, widely applied in other carbothermic processes 
are re-examined with respect to chlorination of mixtures of metallic 
oxides with carbon 


Where a comparatively unreactive carbon is used, reduction of 
carbon dioxide is suppressed, and some effects to be expected are 


(1) heat is conserved; (2) temperature of the system is higher; (3) 


the main chlorination rate increases; (4) some side reactions may 
reach significant rates at the higher temperatures (5) attack on 
refractories may be more severe; (6) consumption of carbon is less 


7! formation of hydrogen chloride is less 


THURSDAY, FEBRUARY 19, PM 


EMD-ISD 
Pyrometallurgical Processes 


2:00 pm St. Francis Hotel Italian Room 


G. H. Turner and A. C. Richardson, Associate Chairmen 

Selective Smelting of Lateritic Ores by the Strategic- 
Udy Process: M. J. Udy and M. C. Udy, Strategic- 
Udy Processes, Inc 

Ferromanganese From Open Hearth Flush Slags by the 
Strategic-Udy Process: M. J. Udy and M. C. Udy, 
Strategic-Udy Processes, Inc 

Experimental Sintering and Smelting of Low-Grade 
Siliceous Iron Ore: G. E. Viens, R. A. Campbell, G. C. 


Sirianni, G. N. Banks, and R. R. Rogers, Canadian 
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Leaching, Ion Exchange, and Precipitation of Blind 
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A single ingot shows... 


how can improve your steel 


Columbium adds some surprising improvements in physical properties 
to mild-carbon steels. And because of the small amounts required, the 
extra benefits are obtained at surprisingly little extra cost. 

Now, a newly-developed low melting ferro-columbium from MCA 
enables you to test the effects of columbium in your production even 
without the expense of a special melt. MCA ferro-columbium can be added 
directly to the mold while your steel is being poured. Result: an ingot 
identical in size and shape with your regular production run for accurate 
comparison tests. 

MCA has been actively engaged with a number of major steel pro- 
ducers in this development for both open hearth and electric furnace 
applications and would welcome the opportunity of discussing the matter 
with your production and engineering personnel. 


CORPORATION OF AMERICA Pittsburgh 19, Pa. 


Offices: Pittsburgh, Chicago, Los Angeles, New York, San Froncisco 
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Grant Building 


Soles Representatives: Brumley-Donaldson Co., los Angeles, San Francisco 


Subsidiary: Cleveland-Tungsten, Inc, Cleveland 
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